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Petrographic, petrochemical and spectrographic studies were 
completed on selected Precambrian granitic rock samples from South-
eastern Missouri. This investigation contributes to a more detailed 
knowledge of the Precambrian granitic rocks of this part of the state. 
Petrographic analysis of forty-four thin sections of granitic 
rocks from the St. Francois Mountains area revealed six different 
granite types. These have been named the Fredericktown, Knoblick, 
Doerun, Graniteville, Klondike and Silvermine granites. These rocks 
form a large part of a composite batholith. More than one period of 
granitic intrusion is represented, but differentiation also contributed 
ii 
to the formation of this diversity of the . rocks. In the Johannsen classi-
#cation they are classified as leucogranites, granites, alaskites, kali-
alaskites, sodaclase granites and adamellites. 
The Niggli petrochemical classification of twenty- seven chemical 
analyses of these granites revealed their petrogenetic relationships. 
The chemical character of the magma out of which they have formed 
was acidic, salic, relatively alkali rich and lime poor. The Doerun, 
Graniteville and Klondike granite's are in the aplitgranitic, the Freder-
icktown granites and granite porphyries in the aplitgranitic and 
engadinitg:r;anitic, the Knoblick granite in the granodioritic, and the 
Silvermine granite in the yosemititgranitic magma type. All the rocks 
belong to the calc-alkalic petrographic province. 
Qualitative spectrochemical analysis of forty-four granite sam-
ples. revealed the presence of the following n::iinor elements: Mg, Sr, 
iii 
Ba, Ti, Zr, V, Cr, Co, Ni, Cu, Ag, Zn, Sn and Pb. Mg, V, Co, Zn, 
Sn and Pb were selected as index trace elements. The different granite 
types were characterized according -to the relative amounts of these. 
The Fredericktown granites and granite porphyries, the Knoblick 
granite an~ the Silvermine granite contain more Mg, V, and Co, and 
less Zn, Sn, and Pb than the other granite types. The Doerun, Granite-
ville and Klondike granites are also r.elatively high in V and Co. Zn 
is not always present, ~ut they have more Sn and Pb than the other 
granite types. Compared with granite~ from other localities, the 
Missouri granites are characterized by a consistency of copper, a 
relatively frequent occurrence of tin, lead and zinc, and a rareness of 
chromium and silver. 
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INTRODUCTION 
Purpose and Scope of lnvestigation 
Precatnbrian igneous and metamorphic rock units compose the 
basement framework of the North American continent. Large areas 
of these rocks are exposed in the Canadian shield. Paleozoic and 
younger sedim.ents deeply cover these older formations in the basins, 
and thinner sections over the craton areas. In the Mid ... Continent 
region of the United States only a limited number of outcrops of Pre-
cambrian rocks are exposed. These occur in the Black Hills of 
South Dakota, the Arbuckle and Wichita Mountains of southern Okla-
ho:rna, the Llano region of central Texas and the Ozark region of 
southeastern Missouri. In the latter area exposures of Precatnbrian 
rhyolites, felsites, granites and other igneous rocks occur in and 
around the St .. Francois Mountains. These comprise the core of the 
Ozark domeo 
Because a completely adequate petrographic and petrochemical 
study of the Precambrian granites of Southeastern Missouri had not 
been done, the purpose of this inv:estigation was to petrographically 
identify, classify and compare the various granitic rocks of the area 
in hand specimens and in thin sections. New approaches for the iden-
tification and classification of the granites were attempted. In 
addition~ chemical, petrochemical, petrogenetic, spectrochemi.cal and 
geochemical methods were used in the investigation of these rocks. 
Within the scope of the investigation 62 samples of granitic 
rocks were collected from the Southeastern Missouri igneous complex. 
Forty-four thin se~tions were analyzed, 44 spectrochemical analyses 
were made and 27 available chemical analyses were used for the petro-
chemical work. 
With these new data an attempt was made to clarify the basic 
differences between the granite types, to establish certain rules for 
their recognition, and to give a new comparative basis for the deter-
mination of granite samples in general, whether from outcrops or 
from drill-holes in Southeastern Missouri. 
Location and Size of the Area 
The area of the collected samples includes most of the known 
Precambrian granite and granite porphyry outcrops of Southeastern 
Missouri. The estimated total outcrop of the granitic rocks approxi-
mates 130 square miles. 
The main exposures of these rocks occur in the southern part 
of St. Francois County and in northern Madison County near the towns 
of Frederic_ktown and Doe Run in the St. Francois Mountains. Smaller 
2 
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outcrops are known at Graniteville and at Hogan in Iron County, . in 
southeastern Washington County near Buford Mountain, in the we stern 
part of Ste. Genevieve County, in northeastern Reynolds County at 
Tauni Sauk Mountain, in southeastern Crawford County at Viburnum, in 
northeaste~n Carter County and in certain parts of Wayne County. The 
index map (Figure_ 1.) shows the location of these outcrops. 
Previous Work 
One of the earliest reports which mentions the Precanibrian 
rocks of Missouri was written by Broadhead (1874)*. In discussing 
the general geology of the state he recognizes the oldest rocks as 
granites and porphyries of Arc~ean age. He also mentions several 
localities in Madison County where granite rocks may be collected. 
Erasmus Haworth (1894) made the first contribu~ion of major 
importance to the knowl_edge of the igneous ~ocks of Missouri. He 
mapped them in some detail and gave the first detailed description of 
the granites and granite porphyries a~d their geographical distribution. 
Chemical and mineralogical composition and texture were discussed, 
and three classes of the granites. recognized, namely granite, 
biotite-granite or granitite, and hornblende-granite. The granite 
*All references are in bibliography. 
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porphyries with £eldspathic and quartzose phenocrysts were also 
described. Haworth concluded that the granites and granite porphyries 
were gradational to each other. 
Keyes (1896) in an early paper discu·sses the relationship of 
the granites and porphyries of the region. He also concludes that they 
are closely related genetically and may be regarded as facies of the 
same magma. 
During the next 30 years very little work was done on the Pre-
cambrian granites of Southeastern Missouri. In the 1930 1 s interest 
in the subject was revived and a series of publications appeared . . 
Tarr (1931) submitted a paper.to the Geological Society of 
America and presented evidence that the granites of Southeastern 
Missouri _are intrusive into the. eruptive porphyries and therefore are 
not of the same age. 
In the following years data were a~cumulated to _show that more 
. . 
than one period of intrusion was represente9- among the granites. On 
the basis of the character, amount and distribution of the heavy acces-
sory minerals,- Tolman and Koch (193b) established six different 
granite types, possibly representing different periods of magmatic 
intrusion. 
Subsequently Robertson (1949) attempted the classification of 
the granites on a general p~trographic basis. His granite types and 
nomenclature were accepted by the author. Robertson did little petro-
chemical work along the lines of the C. I. P. W. system and no 
spectrographic work at all. This study adds much detail which had 
not been considered by Robertson. 
Various other reports and theses have dealt with the igneous 
geology of certain portions of the area investigated. Some of them 
contain good petrographic descriptions of these granitic rocks {French, 
1956). 
At ~resent an intense interest exists by both government and 
industry in the Precambrian geology of Missouri. The Missouri 
Geological Survey is currently involved in compilation and original 
work o~ this subject. 
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METHODS OF INVESTIGATION 
Field Work 
Eleven days were spent in Southeastern Missouri in the fall of 
1958 and in the early spring of 1959 visiting granite and granite 
porphyry outcrops, quarries, and collecting rock sarn.ples. As a prep-
aration for this work contact lines of va_rious ~ranite types w~re trans-
ferred from the unpublished Areal Geologic Map of the Precambrian 
Rocks of Missouri, compiled·by Robertson (1949), onto 15 minute 
topographic sheets. With the help of these maps the granite and granite 
porphyry occurrences were visited wherever they were accessible. 
The collected samples were labeled and numbered and their locations 
carefully indicated on the map. Photographs were also taken of the 
better outcrops. 
The distribution of the C<?llected samples is shown on Figure 2. 
On the first transparent overlay the thesis number of the samples is 
indicated. The second overlay gives the location and number of the 
samples of the· chemical analyses. Seven samples collected outside the 
main granite area are not indicated on this map. - The exact locations 
of both kinds o(samples are given in the Appendices. It can be noted 
that the numbers of the collected samples and those of the chemically 
analyzed samples do not correspond. The reason for this discrepancy 
(,"'(Tif?. :poin~ :'_te> 
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is that the samples were analyzed prior to this investigation and already 
nurribered. When the samples for this thesis were collected, outcrops 
which showed least weathering and which seemed to be mo st representa-
tive of the granite types were sought, instead of the old localities. 
Laboratory Work 
The collected samples were first studied megascopically and with 
the hand lens. Petrographic work on the granites and granite porphyries 
was done by the analysis of 44 thin sections under the petrographic micro-
scope. The percentages of the mineral constituents were estimated, 
using the Rosiwal table for quantitative determination for sections con-
sidered representative C?f each of the granite types. Photomicrographs 
were prepared in the Geology Department to show characteristic tex-
tures, mineral content and unusual features of the various rocks. 
Through the courtesy of the Missouri Geological Survey, 27 un-
published chemical analyses of granites and granite porphyries were 
made available. From ·these Niggli and QLM values were calculated. 
Fro~ these data a differentiation diagram and chemical distribution 
charts were prepared. A portion of the calculations was done by the 
author in the spring of 1958 for the Survey as a-part time employee. 
Forty-four of the collected rock samples were selected for spec-
trographi~ analysis. These were crushed to a fineness of about 100 
11 
mesh. They were spectrographically analyzed at ·the Missouri Geologi-
cal Survey by Miss Mabel Phillips. Element distribution charts were 
prepared from these data. 
GEOLOGIC SETTING 
The Ozark Dome lies south of the Missouri River and includes 
southern Missouri, J?.Orthern Arkansas and northeastern Oklahoma. It 
is a broad, o_val upwarp with its topographic axis trending southwest 
through south central Missouri into Oklahoma. Precambrian igneous 
rocks are exposed. in the Salem plateau in eastern Missouri and form 
the St. Francois Mountains. These comprise the core of the dome. 
The igneous rocks 'of the area are definitely older than the over-
lying sediments, a fact first established beyond doubt by Haworth (1891). 
The absence of metamorphism along the igneous- sedimentary contacts 
and the presence of a basal conglomerate - often several tens of feet 
in thickness - containing· :fragments of crystalline rocks in the sedimen-
tary strata are supporting evidences of this fact. The oldest sedimentary 
rocks were proved to be Upper Cambrian in age. Since. igneous rocks 
are practically unknown in the Lower and Middle Cambrian of North 
America, the crystalline rocks were classed as Precambrian, possibly 
belonging to the Algonkian time (Proterozoic era), (D~e, 19 30, p. 194). 
· Based on the alteration of zircon, the grani.te s were thought to be 
generally younger than Huronian, as they contained mostly unaltered zir-
con.grains (Robertson, 1949, p. 70). The latest radioactive age determi-
nations indicate age values of 1200, 1210, and 1220 m. y. for granites 
and pegmatites at Graniteville and Silver Mine ~Allen, 1959). If the 
boundary between the Archeozoic and Proterozoic eras is accepted as 
1000 m. y., then these rocks should belong to the Archeozoic era and 
be ~erefore pre -Huronian. 
The earliest known geologic event in-the forming of the frame-
work of this Mid-Continental structural unit was the extrusion of a 
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great amount of rhyolitic lava. According to Dake {1930}, this pre-
sumably took place in Algonkian time. The rhyolites were later 
intruded by granites and granite porphyries of similar chemical charac-
ter. The final stage of this magmatic cycle was the extrusion of basic 
volcanics along major lines of weakn~ss. Since Southeastern Missouri 
had a long period of erosion in Precam.brian times, we ca~ only 
assume that the presently observable basic dikes are the remnants of 
this final magmatic activity. 
Later in geologic history, this part of the Precambrian craton 
was faulted. Some of the structural deformation was pre-Lamotte and 
some Preca.Inbrian. Before the invasion by the Upper Cambrian sea 
a long period of subaerial ·erosion occurred. It cut deeply into the old 
igneous rocks, exposed the granites,. and produced a rugged topography 
often with a relief of 2000 feet or more. 
During Paleozoic times the area was subject to successive 
transgressions and regressions of the sea, and deposition of sandstones, 
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limestones, shales and other sedimentary rocks took place. The 
igneous rocks gradually disappeared under the thick cover of these 
formations and became buried hills and knobs. At the close of the 
Paleozoic the area slowly emerged and a second long period of erosion 
took place during Mesazoic and Tertiary times. During this time part 
of the igneous rocks were uncovered. 
In the area adjacent to the granitic outcrops investigated in 
this study, Upper Cam.brian and Lower Ordovician sedimentary rocks 
are present at the surface. 
PETROGRAPHY AND PETROLOGY OF THE GRANITES 
OF SOUTHEASTERN MISSOURI 
General Statement 
The granites comprise about one-third of the exposed Precam-
brian igneous rocks of Southeastern Missouri. The outcrops are 
almost exclusively in the northeastern part of the igneous area. The 
largest continuous granite outcrop, referred to as the main granite 
area, occurs in southern St. Francois and northern Madison counties. 
The majority of the studied satnples came from this area. Numerous 
small granite exposures also occur outside the main granite area. 
These have not yet been· correlated with the principal granite types 
of the batholith in the main granite area. 
The most extensive petrologic and petrographic- study of the 
different granite types was undertaken_by Forbes Ro.bertson (1949). 
He considers the different granite types as differentiates of a composite 
batholith emplaced as a sill-like body in essentially two phases, as 
-follow st 
The first or Fredericktown granite stage* includes 
1. The Fredericktown granite* (scattered outcrops in the 
eastern part of the main granite area). 
*Indicates rock narn.es not previously appearing in publications. 
·2. The Stono granite* (outcrops on Stono Mountain, 
secs. 23-26, 'I_'. 35 N .. , R. 4E.). 
3. The Buford granite porphyry* (outcrops on Buford 
Mountain and in the Wing Lake area of the north-
western part of the I!onton quadrangle). 
4. The Taum Sauk granite porphyry* (outcrops in the 
southeastern part of the Edgehill quadrangle). 
5. The Carvery Creek granite porphyry* (outcrops at 
Hogan Mountain, secs. 27-28, T. 33 N., R. 3 E. ). 
6. A group of unnamed small occurrences of similar 
material. 
The second or Doerun granite stage* includes 
1. The Doerun granite* (broad outcrop, several miles 
in width~ extending from Doe Run Creek, south of 
the town of Doe Run, southward 7 or 8 miles to 
Brewers Creek). 
2. The Graniteville granite (in the vicinity of the town of 
Graniteville, in Iron County). 
3. The Klondike granite* (extensive outcrops _just east 
of the Doerun granite). 
4. The Jonca Creek granite* (outcrops in Ste. Genevieve 
County along Jon.ca Creek). 
5.· The Higdon granite* (outcrops 5 miles east of the town 
o.f Fredericktown). 
6. The Silvermine granite··· (outer.ops in the southern 
part of the ba.tholi th) . 
.. 
7. The Knoblick granite* (small outcrop area in the vicin-
ity of Knob Lick Moun~ain in St. Francois County). 
*Indicate·s rock names not previously appearing in publications. 
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The Brown Mountain rhyolite is also considered to belong to the 
Doerun granite stage. but as this sb;tdy is restricted to the granites, it 
will not be further mentioned. 
The majority of the names were introduced by Robertson (1949) 
and have not appeared in print. They are derived from geographic 
localities. The terms Graniteville and Silvermine granite were previ-
ously used by Tolman and Koch ( 19 36). In the present work the above 
terms were adopted, although a new set of names will probably appear 
in a forthcoin:ing publication of the Missouri Geological Survey. 
Main Granite Types 
The main granite types are discussed in the order given on the 
preceding page. The rock types of the Fredericktown granite stage are 
considered first and are fol+owed by th~se of the Doerun granite stage. 
The two granite stages will not be separately discussed, however, in this 
section. The main granite typ·es· are discussed with ~pedal reference to 
megascopic features, textur~s and mineralogic composition. The latter 
is based on thin section analysis of the rocks. Pertinent photographs and · 
. photo:rp.icrographs showing details of these rocks a~,e also included. The .. 
use of the terms fine, medium, and coarse-grain in _respect to· texture 
follows that of Johannsen (1939) and falls into the range of O to 1 mm., 
1 mm. to 10 mm.~ and 10 mm." to 30 mm., respectively. 
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Fredericktown and Steno g·ranites 
Description of the Fredericktown granite also includes the Stono 
granite because of their similarity. 
Geographic distribution. The .Fredericktown granite crops out 
northwest ?f the town 0£ Fredericktown in the eastern part of the main 
granite area (see Figure 2), mostly in Madison County in an area of 
about 15 square miles. The outcrops are scattered. The best outcrops 
of the Fredericktown granite were observed along Musco Creek at the 
Missouri P?l,cific Railroad, in sec. 26, T. 34 N. , R. 6 E. , and at the 
City Dam, about I mile northwest of Fredericktown in section 7, T. 33 
N. , R. 7 E. A portion of the outcrop . of the Fredericktown granite 
along Musco Creek is shown on Plate I. 
The Steno granite occurs in the.northwest part of the -ma-in 
granite area, nearly ten miles from ·the main Fredericktown granite 
area, in St. Francois County about two and one half miles· west of the 
town of Doe Run. Its outcrop area is about 4 square miles and is more 
or less continuous. 
Megascopic features. The Fredericktown and Steno granites 
closely resemble each other. They are.fine-grained rocks, in general 
the finest grained of all the granites, and slightly porphyritic. Their 
PLATE I. Fredericktown granite outcrop. 
Figure I. Outcrop of the Frede;rick:town granite along Musco 
Creek in sec. 26, T • . · 34 N., R. 6 E., Madison County, 
Missouri. 
color is somewhat purplish, o~ dark red-brown. They are very dense 
and hard. 
Orthoclase and quartz phenocrysts are readily visible in: both 
rock typeso Pale pink orthoclase grains range to two mm. in size. 
Dark minerals are fairly abundant, but are of smaller ~ize. Dark 
green hornblende and chlorite are present in the groundmass. Besides 
the dark minerals minute crystals of pale pink orthoclase are also 
visible. A characteristic mottled appearance of this rock type results 
from the associanon of pale pink feldspar and green femic minerals. 
Texture. Microscopically the Fredericktown and Stano granites 
are holocrystalline, hypidiomorphic and generally slightly porphyritic. 
Granophyric texture is· common in most of the sections, with the ex-
ception of one thin section of Stone g17·anite. 
Granophyric or micrographic texture develops. when quartz 
crystallizes simultaneously with some other miner~, most commonly 
with potash-feldspar. The two minerals mutually interpenetrate, giving 
the resulting solid a mottled appearanc~.. The patches of each mineral, 
in this case quartz and· orthoclase, extinguish sir.~1Uitaneously over a 
small area in the microscope. That is, unconD:ected rods of ·quartz 
show simultaneous extinction and at another position of the stage of the 
microscope, the orthoclase masses extinguish at the same time .. 
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Granophyric inter growth is quite common in all the granite types of 
Southeastern Missouri. Myrmekitic texture refers to intergrowths of 
quartz and sodic plagioclase. 
According to Johannsen (1939, p. 43), graphic intergrowth is 
generally regarded as a r~sult of eutectic crystallization in the late 
stages of the solidification of a magma. Some petrologists suggest it 
is a replacement phenomenon. Replacement textures are not as regu-
lar or geometrically symmetrical as the usual types of eutectic origin. 
The absence of these features indicates that the Missouri granites are 
not of this type. Robertson (1949, pp. 77-78) however, notes that 
a replacement origin is possible £or some ·of the granite porphyries 
and possibly may apply to the Fredericktown granites also. 
The irregular, rather coarse, granophyric intergrowth of 
quartz and potash-feldspar in the Fredericktown granite is illustrated 
in Plate 2, Figure I. 
Mineralogical composition. Orthoclase, plagioclase, and quartz 
:-;-· . 
are them~~ abundant minerals in the Fredericktown and Stano granites. 
They_ may make up as much as 90 or 95% 0£ the rock. Of the three, 
feldspars are the most abundant. Quartz averages about 25%, but 
often reaches 30 or 35% of the volume. Orthoclase and orthoclase-
microperthite range from 35 to 60% 0£ the rock. 
FLA TE z. Granophyric and microperthitic intergrowths in 
Fredericktown g~anites. 
Figure 1. (x80) Granophyric intergrowth of quartz (Q} and 
potash-feldspar (Or} with. plagioclase (Pl). (x-nicols). 
Figure 2. (x80} Microperthitic (Mp} rim around a core of 
orthoclase (Or). Orthoclase altered to epidote (Ep). 
Granophyric texture in upper right corner shows quartz 
(light) and orthoclase-microperthite (dark). (x-nicols}. 
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Perth.ites, as defined ~y Winchell & Winchell (1956, Pt. II, 
p. 395) are "regular intergrowths 
0
0£ orthoclase and albite 11 which 
"are believed to be due to a secondary (unmixing) process, by which 
·a homogeneous crystal separates (without 'fusion or solution) into un-
like parts as a result of instability induced by cooling." Similar 
aggregates, composed of microcline and albite, are called microcline-
perthite or microcline-microperthite. 
The orthoclase and orthoclase-microperthite crystals are 
generally euhedral, except when contributing in the granophyric inter-
growth, when both feldspar and quartz are anhedral. Orthoclase 
without perthitic intergrowth of albite is extremely rare. In a few 
cases a microperthitic outer rim was observed around an inner core 
0£ pure ·orthoclase (see Plate 2, Figure 2). The perthitic material 
probably crystallized in a later stage of the solidification process 
around the earlier formed orthoclase as a nucleus. The orthoclase 
core shows some alteration to epidote. 
The potash-feldspar shows two generations. The first genera-
tion of the mineral is larger in size {l to ? mm.), euhedral and often 
has Carlsbad twinning (see Plate 3, Figure 1. ). These phen~crysts 
lie in a finer-grained groundma·ss which contains a large percentage 
of potash-feldspar. The second generation orthoclase is smaller 
(O. 1 to O. 5 mm.}, less distinctly euhedral to subhedral and exhibits 
PLATE 3. Feldspar phenocrysts in Fredericktown granites. 
Figure I. (x80} Carlsbad twinning in orthoclase (Or) pheno-
cryst. Quartz (Q) and microperthite (Mp} also present. 
(x-nicols). 
Figure 2. (x80) Plagioclase (Pl) phenocryst showing com-
bined albitic and Carlsbad twinning. (x-nicols). 
no twinning. Alteration of the large phenocrysts is generally more 
intense and results in sericite, clay minerals and epidote. 
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A few grains of microcline-microperthite were observed in one 
thin section of the Fredericktown granite. This mineral, however, is 
scarce in both granite types. 
Plagioclase feldspar is less abundant than the potash-feldspar 
and comprises about 15% of the rock. One thin section of Stono granite 
showed only 2% plagioclase. The plagioclase is very sodic, although 
no pure albite was recognized. The Ab molecule ranges from Ab 75% 
to Ab 91%. The latter value was observed in Stono granite. The 
plagioclase rarely forms the larger phenocrysts, but when it does, 
the grains are euhedral and exhibit albitic twinning (see Plate 3, 
Figure 2). They are seldom altered. Plagioclase is more common in 
the finer-grained groundmass y,here it forms small euhedral or sub-
hedral grains and exhibits albitic twinning. The twinnj.ng is almost 
always present and its presence is the eas~est way to distinguish plagio-
clase from orthoclase. A "growth rim" may sometimes be present 
and produce a zoned appearance around the larger plagioclase. It is 
often accompanied by twinning of the main. crystal. The outer narrow 
zone is more sodic in composition than the main crystal._ According 
to Emmons and Mann (1953) this feature is common in the feldspars 
of the roof phases of granite. They cannot explain the phenomenon by 
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conventional crystallization because of the consistent narrowness of 
these rims in an otherwise unzoned crystal. The solutions for these 
rims are supposed to be local and originate in the crystal itself, possibly 
during and from ·twinning. The formation of the rims then either may 
take place during twinning, in which case the rim would also be 
twinned, or it may be post-twinning, in which case the rim would not 
exhibit twinning, as in the case of the Southeastern Missouri granites. 
Since twinning develops late in the growth of a _crystal, an untwinned 
growth rim indicates an even later event in the crystallization. The 
phenomenon, however, was rare in the granites of Southeastern 
Missouri. It was observed only in a few marginal sarn.ples of the 
Fredericktown granite, and may reflect smaller local conditions. 
Hornblende and chlorite were recognized. in the Fredericktown . . 
granite.. Their amount varies betwee:r:i. 5 _and 10%.. Chlorite is generally 
more ab~dant. Green hornblende occurs in small euhedr al to sub-
hedral grains. It is J?leochroic in yellowis1?- green and bluish green, 
sometim~s in green and brown. The grains are o.ften altered to · · 
chlorite. Mo st of the chlorite is thought to be deuteric alteration of 
former ferromagnesian minerals, notably hornblende and possibly 
biotite. No biotite was recogniz.ed in any of the sections. 
In Stono granite about 10% green hornblende was present. Num-
erous inclusions of a~atit~. and closely associat~d magnetite (see Plate 4, 
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Figure I) occurred with it. Al~eration 0£ the hornblende to chlorite was 
less pronounced. A small amount of biotite was also recognized. 
The non-magnetic heavy acces.sory mineral suite of these 
granites consists of fluorite, apatite and some zircon. The latter was 
liecognized only in sample No. 6. The zircon forms inclusions in horn-
blende, but 'shows no pleochroic hal~s. Apatite is fairly common as 
inclusions in both feldspar and hornblende (Plate 4, Figure 1). In the 
Stono granite some purple fluorite occurred as inclusions in feldspar. 
The epidote always appears as an alteration product of £~ldspars 
(Plate 2, Figure 2). 
Magnetite is present in mos~ sections as small euhedral grain 
inclusions in quartz., feldspar and hornblende. It is believed t<;> be 
primary. Iron oxides (magnetite an~ hematite) occur in close associ-
ation with altered ferromagnesian minerals as irregular clusters and 
grains. The optical relationship and. alteration pattern. suggests that 
these mine;i:als were formed during the dec?mpositi~n of the £erromag-
nesian minerals. 
Plate 4, Figure 2 illust;rates a peculiar feature of the Stono 
granite. In a small area of the thin section a wedge-shaped fracture 
was recognized which was comµletely filled with a fine-grained material. 
The composition of this fine-grained filling is mostly potash-feldspar 
and embedded-in it is a large number of small~ ~ostly euhedral 
·magnetite grains. Figure ? is at the border of the two kinds of materials 
PLATE 4. Microscopic features of Stano granite. 
Figure 1. (220x} Inclusions of -apatite (Ap} and magnetite (Mt) 
in orthoclase-microperthite (Or} and hornblende (Hbl). 
(Parallel nicols). 
Figure 2. (140x} To the right: fracture filling material com-
posed of potash-feldspar (Or} and magnetite (Mt). To 
the left: hornblende (Hbl) and potash-feldspar (Or} of 
the rock. 
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with the fracture trending northwest on the left side of the photomicro-
. 
graph. Larger grains of hornblende and potash-feldspar occur to its 
left. Fredericktown granite is illustrated in Plate 5, Figure 1. 
Granite porphyries 
Geographic distribution. Three different types of granite por-
phyries are located in three different areas. All of them occur west of 
the main granite area. In Figure 2 only the Buford g~anite porphyry out-
crops are shown. The latter comprises about ten square miles in the 
southeastern part of Washington County, northeastern Iron County and 
western St. Francois County about three miles north of Graniteville. 
The Carvery Cre·ek granite porphyry crops out at the base of 
Hogan Mountain, in sections 2 7 and 28,- T. 33 N. , R. 3 E. , in an area 
of less than one square mile .about six miles southwest of Ironton. 
The Taum Sauk granite porphyry outcrops are about ten miles 
west and southwest of h'onto:ri, on both sides of the East Fork of Black 
River. The outcrop area is approximately five square miles. Unfor-
tunately no sample was obtained from this area. 
Megascopic features. Tlie Buford granite porphyry is a very 
fine-grained, dense, dark brown, porphyritic rock. Phenocrysts of 
orthoclase and quartz range from 1 to 3 mm. in size, but the groundmass 
is microcrystalline. 
PLATE 5. Grain size relationship in the Fredericktown 
granite and the ~uford granite porphyry. 
Figure I. (x80} Fredericktown granit~ with quartz (Q), 
plagioclase (Pl), potash-feldspar (Or} and hornblende 
(Hbl}. (x-nicols}. 
Figure 2. (x80} Two grain sizes in the ground.mass of the · 
Buford granite porphyry. The phenocryst is hornblende 
(Hbl}. The ground.mass .is composed of potash-feldspar 
(Or), quartz (Q) and hornblende. (x-nicols). 
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The Ca_.rvery Creek granite porphyry consists of a dark gray 
microcrystalline groundrnass which contains large phenocrysts of pale 
pink orthoclase, some 0£ which may be over five mm. in size. The rock 
is d~stinctly porphyritic. 
Texture. Both rock types are holocrystalline and porphyritic. 
Larger phenocry~ts are embedded in finer grained ground.mass. 
In the Buford granite porphyry the groundmass is fine-grained 
granular, granophyric texture is not well developed. An interesting 
feature of the texture of the granite porphyry is well illustrated in 
Plate 5, Figure 2. A large phenocryst of hornblende occurs in the 
lower part of the photomicrograph. A coarser grained phase of the 
groundmass is visible in the upper left portion and a much_ finer grained 
phase occurs to the right. The individual grain size in the coarser 
phase may be three or four ti.mes a~ large _ as that in the finer phase. 
The latter is more abundant. A very ~elicate develqpment of grano-
phyric intergrowth is present in the upper part of the figure, just to the 
right of the coarser pha~e. Note that the borq.er between the two phases 
is not sharp. A poikilitic texture i~ sometimes·. pl:'.esent in the Buford 
granite porphyry. 
." .. 
The two granite porphyries exhibit certain differences in crystal-
linity. The Carvery Creek granite porphyry is more crystalline. ·It also 
has large_ ·phenocrysts like the Buford gr~ite porphyry, but the character 
of the· groundmass is difierent •. The groundmass of the Carvery Creek 
granite porphyry is much coarser, but the individual grains have a 
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very fine-grained granophyric texture. Because of this, the ground.mass 
actually looks finer grained. Poikilitic texture was not observed in this 
rock type. 
Mineralogical composition. Phenocrysts comprise about 25% of 
the Buford granite porphyry. They vary in size from I to 3 mm. and 
include orthoclase, orthoclase-microperthite, quartz, and hornblende. 
The potash-feldspars are euhedral and subhedral; some of them are 
strongly sericitized. Inclusions of hornblende, fluorite, apatite and zir-
con, and sometimes quartz may be present. Quartz phenocrysts occur 
in euhedral, subhedral and anhedral forms. They are generally smaller 
in size than the feldspars and often show corrosion of the rim. Inclu-
sions in quartz are zircon and sometimes potash-feldspar. Minor 
chloritic alteration of the hor.nblende-is present. M_agnetite and. apatite 
often form inclusions in the latt~r ( see Plate 6, Figure 1). 
The mineralogical composition of the. two groundmass types of 
the Buford granite porphyry is different. In· the c9arser phase potash-
feldspar, plagioclase, quartz and hornblende are present, the finer phase 
is composed dominantly of quartz and· _some potash-feldspar (see Plate 5, 
Figure 2). 
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Accessory minerals in the Bu£ord granite porphyry are apatite, 
zircon, fluorite and magnetite. Secondary iron oxides (magnetite and 
hematite} are probably alteration products of hornblende • 
.In the Carvery Creek granite porphyry the phenocrysts are large 
potash-feldspars (1 to 5 mm. in size) and green pleochroic hornblende. 
The feldspars are euhedral and subhedral. Sericitic alteration is quite 
common. Plate 6, Figure 2 illustrates a large potash_.feldspar pheno-
cryst with distinct zoning. Small inclusions 0£ quartz are visible to the 
left. The hornblende is euhedral and subhedral, some of it is altered 
to chlori te and magnetite. 
The groundmas s of the Carve.ry Creek granite porphyry is 
ahnost entirely granophyric and composed of quartz and orthoclase-
microperthite with small patches of h9rnblende and magnetite. The 
accessory minerals are apatite as inclusions in hornblende, fluorite and 
magnetite. 
Doerun granite 
Several of the outlying red granites such as those from Viburnum 
and Higdon bel~ng to the Doerun mineralogical .. type., but these will be 
·, 
discussed separately~ In the following section only the Doerun granite 
proper, with its outcrops in the main granite: area, will be considered .. 
PLATE 6. Microscopic- features of the Buford and Carvery 
Creek granite po!phyrie s. 
Figure 1. (x80) Hornblende (Hbl) phenocryst in Buford 
granite porphyry with inclusions of apatite (Ap) and 
magnetite (Mt). The ground.mass is the fine-grained 
variety composed mainly of quartz. (normal light). 
Figure 2. (x80) Distinct zoning in large potash-feldspar 
(Or) phenocryst in Carvery Creek gr_anite porphyry. 
Small inclusions of quartz (Q) on left. (x-nicols). 
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Geographic distribution. The outcrop of the Doerun granite type 
occupies the western part of the mci.in granite area and extends from 
Doe Run Creek south of the town of Doe Run southward to Brewers Creek. 
It is a large continuous outcrop seven or· eight miles long of nor_th-south 
trend and up to 5 miles wide. The tofal outcrop_ area is about thirty 
square miles. An isolated smaller outcrop of this granite lies within_ 
the main grainite area southwest .from Bevos Mountain in Madison 
County where it occupies an area of about two square miles in sections 
1 and 2, T. 33 N., R. 5 E. Small outcrop areas also occur in sec-
tions 3 and 4, T. 33 N., R. 6 E. 
Megascopic features. The Doerun .granite is distinctly red and 
is a fine to medium-grained rock which may be slightly porphyritic 
with phenocrysts of flesh-colored orth~clase and quartz. The rock con-
tains very minor femic minerals and is essentially composed of ortho-
clase and quartz. According to Forbes Robertson (1949, p. 107), 
miarolitic cavities lined with quartz, femic minerals and fluorite are 
not uncommon. 
Texture. The- Doerun granites have a holocrystalline, hypidio-
morphic and generally equigranular texture. Occasionally larger 
porphyritic grains of orthoclase and quartz may be pr_esent. 
Granophyric texture was observed in samples Nos. 41, 45, 46, 
and 47. The widest range of development of this texture occurs in 
Nos. 45 and 46. In both samples about 65% of the rock has a grano-
phyric texture. Figures 1, 2 and 3 of Plate 7 illustrate some of the 
more interesting developments of the micrographic·intergrowth in 
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these sections. Figure 1 shows a common phenomenon with branch-
like quartz blebs radiating outward toward the margin of feldspar grain. 
This may be called the "radial-type" of g~anophyric texture. A 
"parallel-type" of granophyric intergrowth is visible in Figure 2. To 
the right and above a large quartz grain, quartz blebs with parallel 
arrangement occur within the feldspar. Figure 3 illustrates a coarser 
and more irregular pattern. Triangular and polygonal quartz blebs 
are arranged somewhat haphazardly within the potash-feldspar. 
Myrmekitic texture was not observed in these thin sections. 
In samples Nos. 41 and 47 less variety of the granophyric inter-
growth was observed. Here it was not as dominant and comprised 
perhaps 30% of the rock. The intergrowth of quartz and potash-feldspar 
is not complete, but is mainly present at the peripheral areas of the 
larger quartz grains. In places it occurs as almost parallel inclusions 
of feldspar in the quartz. The intergrowth is coarser grained and not 
so regularly developed in these samples. 
No granophyric texture was observed in samples Nos. 28, 34, 
35, 36, 43 and 44. This is in accordance with the observation of 
Robertson (1949, p. 75), who found that the widest range of granophyric 
textures developed in the marginal facies of the granite. 
PLATE 7. Various types of granophyric texture in Doerun granite. 
Figure 1. 
(x80) Radial type. 
Quartz (light), potash-
£ eld spar (dark). 
Figure 3. 
(x80} Coarse grained 
type. Quartz (light), 
potash-feldspar (dark). 
Figure 2. 
{x80) Parallel type. 
Quartz (light), potash-
feld spar (dark}. 
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A small inclusion was observed in sample No. 36 (see Figures 
1 and 2, Plate 8). The inclusion is composed of £eldspar (plagioclase), 
and some biotite and magnetite. It may be a xenolithic inclusion, or 
an earlier, mo re basic product of the crystallization. 
Mineralogical composition. Th_e essential primary minerals 
of the Doerun granite are ortho~lase-microperthite and quartz. The 
former often reaches 55-60%,. the latter sometimes 40-45% of the rock 
volume. The feldspar is usually euhedral or subhedral and frequently 
shows Car'lsbad twinning. The grains may show sericitic alteration. 
In. the satnples previously mentioned the po~ash-feldspar and quartz 
occur together in the granophyric intergrowth an<:I comprise from 30 
to 65% of the rock. Mic!ocline-microperthite may occasionally com-
prise 1-2% of the mineral content. 
. . 
Plagioclase is·:ge:rierally less common in the D<;>erun, than in 
the Fredericktown granite. · It varies in amount ·from practically zero 
. . 
I 
in the samples Nos. 45, 46 and 47, to 10% ·but is generally less than 
So/o.. Only in sample No. ·36 did the am!=)unt of plagioclase reach 
almost 25%, the potash-feldspar comprises 35% ~£ the rock. The 
plagioclase grains are usually euhedral, small, and exhibit albitic. 
twinning. · The Ab molecule varies £r·om 86% to 94%. The larger grains 
appear more albitic in composition, while the smaller ones approach 
oligoclase. 
PLATE 8. Xenolithic i~clusion in Doerun granite. 
Figure I. (x80) Possible xenolithic inclusion in Doerun 
granite. Plagioclase (Pl), magnetite (Mt.) (normal light). 
Figure 2. (x80) Possible xenolithic inclusion in Doerun 
granite. Plagioclase (Pl), magnetite (Mt). (x-nicols). 
.32 
The femic mineral group is composed of biotite and chlorite and 
rarely exceed 30/o in amount. Chlorite is the alteration product of the 
biotite. · Some serpentine also occu~ s as an alteration product. The 
femic minerals occur in small euhedral and subhedral grains. The bio-
tite is pleochroic in dark green and yellowish green. No hornblende was 
recognized. 
The accessory minerals include fluorite, zircon and magnetite. 
Fluorite is the most abundant and forms inclusions in_.quartz and 
potash-feldspar. It occurs both in colorless and purplish variety. 
Zircon usually is present as minute inclusions in quartz, although in 
sample No. 43 it forms a small aggregate with magnetite and quartz 
in orthoclase-microperthite. Magnetite is rare as primary ~rystalliza-
tion product, while secondary magnetite commonly occurs· as an 
alteration product of the ferromagnesian minerals. 
Graniteville granite 
· Ge·ographic dist:ribution. The outcrops of the Graniteville 
granite occur in Iron County, west of the town of _Graniteville, in sections 
IO, 11, 14, 15 and 22, T. 34 N., R. 3 E. Two small isolated outcrops 
are visible, each less than one square mile in area. The Graniteville 
granite is the fam.ous "Missouri red granite" which has been extensively 
quarrie~- and used as building m_aterial throughout the United States. 
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Sheahan quarry, in section 11, T. 34 N., R. 3 E., one of the most active 
in the district, is shown in Plate 9, Figure 1. 
Megascopic features. The Graniteville granite is a medium to 
coarse-grained, fairly equigranular, reddish rock. Orthoclase and 
quartz crystals may attain 10-15 mm. in size or more. The rock also 
contains biotite and muscovite flakes. The typical coarse-grained texture 
of the granite is well ·shown in Plate 9, Figure 2. This is a fresh rock 
surface in Sh~ahan quarry. Besides the dominant reddish variety 
another variety was recognized in outcrop in the SE I/ 4, NE 1 / 4 sec-
tion 10, T. 34 N., R. 3 E., at the roadside. It was only a few square 
feet in size. it is darker and somewhat purplish, but in grain size and 
mineral composition is ·simi~ar to the rest of the Graniteville granites. 
Nothing could be learned of its relationship to the red granites. 
Pegmatitic mineralization of the Graniteville granite in Sheahan 
quarry is described in detail by Tolman and Goldich (1935). They 
recognize topaz and beryl among the minerals of the pegmatite vein. A 
few granite samples from the quarry showed pyrite, chalcopyrite and 
quartz on joint planes. 
Weathering of the Graniteville granite produced the well known 
"elephant rock" forms just west of Graniteville (see Plate 10, Figure 1. ). 
Joint planes traverse the rock, breaking it up to form prismatic blocks 
in the granite. 
PLATE 9. Outcrop and megascopic appearance of the · 
Graniteville granite. 
Figure I. Quarry operation in the Graniteville granite, 
Sheahan Quarry, Iron County, Missouri, looking 
northeast. 
Figure 2. Fresh rock surface of the Graniteville granite 
from the Sheahan Quarry. 
Texture. The Graniteville granite has a holocrystalline, liypidi-
omorphic texture. It is fairly equigranular, although sometimes, as in 
sample No. 53, large phenocrysts may occur in a coarse, crystalline 
matrix. The p~:>'rphyritic texture is illustrated in Plate 10, Figure 2. 
No granophyric texture was recognized in any of the samples. 
Mineralogical composition. 0£ the essential minerals potash-
feldspar occurs in two forms: as orthoclase-microperthite and as 
microcline-_microperthite. The former comprises from 25 to 40% of the 
rock, the latter from 20 to 50%. They usually occur as large grains 
of euhedral and subhedral form and contain several inclusions. Carls-
bad twinning ~s £requently present. Only a few of the crystals show 
sericitic alteration. Figure I of Plate 11 shows muscovite inclusions 
in orthoclase-microperthite. This is.· an interesting phenomenon of this 
granite type. According to Tolman and Goldich (1935). the muscovite 
replaces the feldspar. The ex~ined .samples in w~ich this phenomenon 
occurred were very f:r.esh. The muscovite seemed to be arranged at 
random within the feldspar. Since the chemical composition of the two 
IP,inerals are almost identical, they may well hav:e crystallized at the 
same time. 
Plagioclase comprises about 18 to 20% of the rock. It occurs 
mostly as euhedral grains and contains numerous inclusions. The com-
position .varies from Ab 86% to Ab 96%. Albite twinning is commonly 
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PLATE 10. Weathering and textural phenomena of the Granite-
ville granite. 
Figure 1. "Elephant rock", Graniteville, Missouri. 
Figure 2. (x80) Porphyritic texture in Graniteville granite. 
Quartz (Q), potash-feldspar (Or), plagioclase (Pl). 
(x-nicols). 
present. A large plagioclase grain with distinct albitic twinning within 
microcline-microperthite is illustrated in Plate 11, Figure 2. 
Quartz makes up from 25 to 35% of this granite. It is usually 
anhedral and varies in size from o. 5 to 10 mm. Inclusions of mica and 
feldspar are common. 
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Biotite and mu.scovi.te comprise the rest of the essential mineral 
suite. Both minerals vary in amount between 1 and 10%, their total 
percentage is not less than 5%. The biotite is green, not distinctly 
pleochroic, and occurs as small euhedral and subhedral grains. Tolman 
and Goldich (1935, p. 231) describe the "green biotite" as an alteration 
product of biotite. Muscovite occurs in two forms: as individual larger 
grains and as small inclusions in the feldspar. Tohnan and Goldich (1935) 
suggest that the muscovite is deuteric and was derived from an earlier 
· iron bearing mineral, such as biotite, by the action of late magmatic 
juices. The liberated iron would be fixed as magnetite. No evidence 
was found in the slides examined to suppor~ this possibility. Plate 12, 
Figure I illustrates a lar.ge muscovite (M) grain in association with plagi-
oclase {Pl), quartz. {Q), and orthoclase-microperthi. te (Or). · There is no 
sign of the "fixed magnetite". · The muscovite is thought to be primary. 
Fluorite is the most abundant accessory mineral. In one thin 
section it represents 2% by volume of ·the rock. It is usually euhedral, 
sometimes subhedral and mostly purplish in color. It occurs as 
FLA TE 11. Feldspars and :r:nuscovite in Graniteville granite. 
Figure I. (x220) Muscovite ·(M) inclusions in orthoclase-
microperthite (Or) in Graniteville granite. (xnicols). 
Figure 2. (x80) Plagioclase (Pl) in microcline-microperthite 
(Mmp) in Graniteville granite. Quartz (Q) is also visible. 
(x-nicols}. 
inclusions in quartz and feldsBar and may form small aggregates with 
magnetite and hematite. Figures 1 and 2 of Plate 13 illustrate a large 
fluorite inclusion in orthoclase-microperthite between parallel and 
crossed nicols., respectively. Apatite, magnetite and hematite comprise 
the rest of the accessory mineral suite. Tolman and Koch (1936) also 
report the _presenc_e 0£ zircon, green spine!, cassiterite and molybdenite 
as rare constituents of the accessory mineral suite of the Graniteville 
granite. These were ·not recognized in the three sections studied. 
Fluorite an~ apatite associated with muscovite in biotite are shown in 
Plate 12, Figure 2. 
Klondike granite 
Geographic distribution. The Klondike granite crops out in the 
middle of the main granite area, east of the Doerun, west of the 
Fredericktown and north of the Silvermine granite outcrops, in St. 
Francois and Madison Counties. The outcrops cover approximately 
thirty-three square miles. 
Megascopic features. The Klondike g·ranites show a wider range 
in megascopic appearance than any 0£ _the other granite types. On the 
west the Klondike granite seems to grade into the Doerun granite, while 
on the south, in the vicinity of Roselle in section 31, T. 34 N., R. 5 E., 
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PLATE 12. Mineral associations in Graniteville granite. 
Figure 1. (x60) Muscovite (M) in association with plagio-
clase (Pl), quartz (Q) and. orthoclase-microperthite (Or). 
(x-nicols). 
Figure 2. (x220} Fluorite (F) and apatite (Ap) associated 
with muscovite (M) in biotite (Bi)". (normal light). 
PLATE 13. Fluo!ite inclusion in Graniteville granite. 
Figure I. (x220) Fluorite (F) inclusion in orthoclase-
microperthite (Or), with muscovite (M}. (normal 
light). 
Figure 2. (x220) Sam.e as above with crossed nicols. 
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its transition into the Silvermine granite can be observed. Sample No. 37, 
for example, closely resembles a typical Doerun granite. It is medium-
grained, reddish, and composed mainly of orthoclase and quartz with 
very .minor dark minerals. Samples Nos. 38, 39 and 40, respectively, 
become paler in color through different shades of pink to the light gray 
color of sample No. 40. The color change is due partly to the increasing 
amount of plagioclase, partly to the coloring of the orthoclase itself. 
The amount of dark minerals shows a slight increase· toward the east. 
Sample No • . 24 at the south end of the gr·ani~e_mass more closely re-
sembles the Silve·rmine granite than any of the other Klondike samples. 
However, its transition to the former _is more evident microscopically, 
as will be commented upon later. In the intermediate zone medium -
grained, light pink granites are prevalent. 
Texture. The Klondike granites show a wide range in grain size. 
The most coarse grained s·ample was cc:>llected in the vicinity of Roselle. 
Generally these granites are fine and medium-grained, holocrystalline 
and hypidiomorphic. Equigranular texture is more common, and even 
if porphyritic textuie is present, it is never as pronounced as in the 
case of some ·other g.ranite types.. ·Granophyric texture is present 
· , 
in _samples Nos. 37, 38, 39 and 40, and absent in the others. How-
ever, the abundance and variety of this texture, as observed in 
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some of the . Doerun granites, is not recognized here. Figure 1 of 
Plate 14 illustrates the granophyric 'texture in the Klondike granite. 
Mineralogical composition. · Orthoclase-microperthite is the most 
abundant mineral ·and ranges in amount from 40 to 60% .. Samples Nos. 24 
and 40 contain generally less of it than the rest of the granites. Both 
euhedral and subh_edral grains were obseryed; some showed Carlsbad 
twinning. Inclusions of plagioclase, femic minerals and apatite are 
common in the perthite. Some of the larger grains show advanced seri-
citic alteration. Some epidote may also be present .~s an alteration 
product. Microcline-microperthite was observed only in samples Nos. 
24 and 39, where it comprises 2 and 5% of th_ese rocks,· respectively. 
Plagioclase is almost always present, though in g!eatly varying 
amounts. Through samples Nos. 37-10 it varies from 2 to 3"0%; in 
sample No. 24 it comprises about 25% of the rock; in ~he rest of the 
samples it varies from IO to 20%, . without much apparent regularity. 
The composition of the plagioclase vari¢s from Ab 85% _to Ab 95%. 
Usually two generations of the mineral can be reco_gnized. The earlier 
formed larger euhedral grains s.how a marked zo~al alteration to sericite 
in sa.m.ple No. 24 •. _ The small euhedral grains of the second generation 
are usually fresh. Albitic twinning is common in both.' In some fresh 
plagioclase grains several inclusions of lamellae-like sericite occur in 
a parallel arrangement with the twin planes. 
PLATE 14. Textural and mineralogical features 0£ the 
Klondike granite. 
Figure 1. {x80} Granophyric texture in the Klondike granite. 
Quartz {Q), orthoclase-:microperthite (Or}. {x-nicols). 
Figure 2. (x80) Biotite (Bi) with quartz (Q) and orthoclase·-
microperthite (Or) in Klondike granite. {x-nicols). 
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It has to be noted that zoning and zonal alteration of the plagioclase 
was observed only in two samples: in No. 24 a Klondike granite, and in 
No. 21 a Silvermine granite. Only the former showed the zonal, sericitic 
alteration. Twinning and zoning usually occurred together within the 
same crystal. 
Emmons and Mann (1953) explain the petrogenetic importance of 
the type of zoning and twinning of the plagioclase. In short, the plagioclase 
feldspars formed from a true igneous liquid are, or have been oscillator-
ily zoned (compositional repetition within the crystal from calcic to sodic 
and back). On the other hand, if the plagioclase feldspars formed through 
recrystallization, without the benefit ?f a liquid, ~he zoning has been 
normal. or progressive {compositional gradation from core to margin, 
which is usually from calcic to sodic). It has been recognized by the 
above authors that poly synthetic twinning develops late in the period 
of growth of the crystal. Also, _the formati.on of such twinning usually 
eliminates the earlier zoning. They even go as far as to suggest that 
zoning is a prerequisite of twinning. The sodic plagioclase of granites 
generally exhibits a fine polysynthetic twinning, therefore it is quite 
possible that it has been zoned and has lost its zones through twinning. 
The exact chemical determination of the composition of zones in 
samples Nos. 24 and 21 was not possible within the scope of this study; 
but in both cases, especially in that of sample No. 21, the zoning 
appeared between crossed nicols as successive bands of alternating 
extinction, and exhibited a fine texture. Thease features are character-
istic of oscillatory zoning. 
Quartz varies in amount from 20 to 40%. The least amount 
observed was in samples Nos. 24 and 40, the greatest in No. 37. It is 
· always anhedral and often contains inclusions of feldspars and zircon. 
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Biotite and hornblende comprise the femic mineral suite. These 
make up from 2 to 8% of the rock. These minerals occur in the greatest 
amount in samples Nos. 24 and 40. Sample No. 37 contains the least of 
them. Biotite is more common and generally present. Some brown 
biotite was recognized,- but more frequentiy it occurs as the green, pleo-
chroic . in yellowish green and dark green variety. A part of a large 
biotite grain with quartz and orthoclase-microperthite is shown in 
Plate 14, Figure 2. The biotite of the Klondike granite is often altered 
to chlorite. · An interesting phenomenon was observed in sample No. 39, 
where chloritic and sericitic alteration of ~e sa.nie ·biotite grain took 
place side by side. Green horriblende is much more scarce than biotite, 
except in sample No. 24 where it exceeds in amount that of the biotite. 
Hornblende alters to chlorite and magnetite in some cases. Some 
pyroxene (pige·onite ?) was obse·rved in sample No. 38. The extinction 
angle of 38-44 degrees is noteworthy. 
Zircon and apatite are the most abundant accessory minerals. 
Fluorite is also quite common. Primary magnetite is les~ abundant 
than the secondary alteration product. Sphene was observed only in 
sample No. 24. This marks its transition to the Silvermine granite for 
sphene is a characteristic member of the accessory mineral suite of 
this latter rock type. The occurrence of the accessory minerals in the 
Klondike granite is also very similar to that of the Doerun granite. 
Silvermine granite 
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Geographic distribution. The Silvermine granite occupies the 
southern part of the main granite area. It forms a large continuous 
outcrop from Roselle southeastward to the St. Francois River in Madison 
County. Three isolated smaller outcrops occu~ a few miles east of the 
St. Francois River.. The total outcrop area compris.es about 15 square 
miles. 
Megascopic features. · The Silvermine granite is a medium to 
coarse-grained, light gray or pale pink rock, composed of orthoclase, 
plagioclase, quartz and femic minerals. Good outcrops occur in the 
vicinity of the St. Francois River in the .SE 1/ 4· of section 12,. T. 3_3 N., 
R. 5 E. Here large weathered boulders of the granite also occur on the 
river banks. These are similar to the "elephant rocks" at Granit~ville, 
although on a much smaller scale (see Plate 15, Figu.re I). Several 
aplitic dikes cut the granite. Some diabase is present among the boul-
ders. One of these contains a coarse-grained inclusion of the Silver-
mine·granite (see Plate 15, Figure 2). 
Texture. The Silvermine granite has a holocrystalline, hypidio-
morphic texture, which is mostly equigranular. Granophyric texture is 
absent .. 
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Mineralogical composition. Orthoclase-microperthite coi;nprises 
40 to 50% of the Silvermine granite~ The grains are euhedral to sub-
hedral; Carlsbad twinning is often present. Inclusions ·of plagioclase, 
. fluorite, apatite and magnetite are common. Some of the larger grains 
are completely altered ~o a sericitic-k~olinitic mass. 
Plagioclase is next in importance and ranges from 30 to 40%. 
Its composition varies from Ab 86% to Ab 900/o. Two generations of 
this mineral are present. Euhedral and subhedral grains can be observed 
in both. Some zoned plagioclase is present in sample No. 21 (seep. 39). 
Twin¢ng is mostly according· to the albite law, but some pericline 
twinning is vi_sible. Minute inclusions are numerous. · in samples No·s. 
21 and 22 the amount of plagiocla.se almost equals that of the potash-
feldspar. A small amount of microcline-microperthite was observed 
PLATE 15. Megascopic appearance of the Silvermine granite. 
Figure I. Weathered boulders o~ the Silvermine granite 
along the St. Francois River, Madison County, Missouri. 
Figure 2. Diabase boulder with inclusion of Silvermine granite 
along the St. Francois River, Madison County, Missouri. 
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in sample No._ 23.. The plagioclase shows more pronounced sericitic 
alteration than the potash-feldspar. 
Quartz comprises about 20% of the rock. It is always· anhedral 
and ~ontains inclusions of feldspar and biotite. 
Brown biotite and green hornblende comprise from 5 to I Oo/o of 
the rock. The biotite is pleochroic in brown and green, usually sub-
hedral and often is altered to chlorite and magnetite. The hornblende 
tends to be more euhedral than the biotite with some pseudo-hexagonal 
cross sections present. An interesting hornblende-sphene intergrowth 
occurred in sample No. 21. Slightly altered hornblende with quartz and 
orthoclase-microperthite is shown in Figure I of Plate 16. Hornblende 
with magnetite inclusions is shown in Figure 2 of Plate 16. 
Sphene is the most abundant accessory mineral of the granite. 
It makes up 60% of the non-magnetic accessory mineral suite (Tolman 
,, . ' 
and Koch, 1936). The sphene o~curs in small_, sharply_ defined grains, 
in a few cases exhibiting polysynthetic ·twiru;ring. Other·.-.accessory min-
erals are apatite, fluorite, zircon, pyrite, and magnetite. Apatite 
occurs as long· prismatic inclusions in feldspar, quartz and hornblende. 
Fluorite and zircon are less abundant. Some pyrite was observed in a 
few sections. In one case pyrite was oxidized to hematite and a few un-. . 
replaced parts of the pyrite 'are still visible. Magnetite occurs as both 
an accessory mineral and as alt~ration product .of biotite. 
FLA TE 16. Hornblende in Silvermine granite. 
Figure 1. (x80) Hornblende (Hbl) with quartz (Q) and ortho-
clase-micro:perthite (Or} in Silvermine granite. (x-nicols). 
Figure 2. {x80) Hornblende {Hbl) with magnetite (Mt) inclu-
sions in Silvermine granite. (x-nicols). 
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Various granite types 
A brief description of various smaller, somewhat isolated granite 
outcrops examined by the writer is presented in this section. 
· Knoblick granite. The Knoblick granite crops out in the vicinity 
of Knoblick Mountain in St •. Francois County, and comprises less than 
two square miles. The rock is dark brownish gray, medium to fine-
grained · and has a porphyritic appe~rance. Pale pink orthoclase and gray 
quartz phenocrysts up to 5 mm. in diameter are. visible. Plagioclase is 
more abundant than in other granite types in the Southeastern Missouri 
area. It may m~e up 50% of the rock. The composition of the plagio-
clase varies from Ab 76% to Ab 80o/o. The amount of orthoclase-micro-
perthite may range as low as 30%, while hornblende, biotite and some 
magnetite· comprise from 10 to 15% of the rock. The· accessory mineral 
suite includes zoisite, zircon,. :fluorite and sphene. In many respects 
this granite is similar to the Silverm'ine granite. Robertson (l 949i p. 112) 
believes the two are genetically related. In view 0£ the petrographic 
evide.nce, this is possible. The mineralogical composition of the two 
granite types are similar, if not identical. · However, petrochemical 
data on this rock type shows a close relationship to the Fredericktown 
granite. 
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Higdon. granite. The Higdon granite outcrops are located about 5 
miles east of Fredericktown in Madison County. Five small and separate 
outcrops comprise approximately five square miles. The rock is dis-
tinctly red, fine-grained, composed almost ·entirely of orthoclase-
microperthite and quartz_. The little biotite present is mostly altered to 
chlorite. This rock resembles the Doerun granite in every respect and 
is thought to be closely related to that granite type. 
Ste. Genevieve granite. The Ste. Genevieve granite crops out 
about ten miles northeast of F?,rmington in Ste. Genevieve County. The 
small out~rops comprise probably not over two square miles along Jonca 
Creek and the River Aux Vases. Two granite types are reported from 
this area (Weller and St. Clair, 1928).· . One type is reportedly relatea 
to the older granite stage, the other to the younger granite stage. Only 
the latter granite type was examined by th~ writ~r on the basis of one 
saniple. A sample was collected in se_ction 8, · T. 36 N. , R. 7 E. , from 
the outcrops on the roadside. Orthoclase and qua!tz grains vary from 
one to two cm. in size. Orthoclase-microperthite comprises about 60%, 
quartz 30% and the fem~c minerals 10% of the rock. The latter is com-
posed ma~nly of biotite, which is usually altered to chlorite. 
Viburnum granite. The Viburnum granite is located a few. miles 
northwest of Viburnum in Crawford County, where approximately three 
square miles of the rock is exposed. The rock is distinctly red and 
medium-grained. It is composed of 50% orthocla~e-microperthite, 5 to 
15% plagioclase (Ab 90%. to Ab 94%), 30 .to 40% quartz and up to 5% femic 
minerals. The latter are brown pleochroic biotite and some hornblende. 
Some microcline-microperthite is also present. Magnetite, fluorite, 
and apatite comprise the accessory mineral suite. Granophyric inter-
growth of quartz and orthoclase-microperthite is not uncommon (see 
Plate 16, Figure 1). The petrographic features of the Viburnum granite 
are quite similar to those of the Doerun granite. 
Summary 
The petrographic ·characteristics of the Precanibrian granites 
of Southeastern Missouri are smnmarized in Table I. While a table of 
this type is somewhat generalized, it does, however, give a quick and 
easy comparison of the different granite types. Details -are included 
under individual descriptions in the text. 
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Based on .the modal mineral composition, each granite type was 
classified according to the Johannsen classification. The results are 
shown in the last two columns of Table I. Evidently the Johannsen classi-
fication does not give a sound basis for the differentiation of all of the 
granite types, as with the exception of the Knoblick granite, they can all 
be leucog~anite s. 
PLATE 17. Granophyric texture of the Viburnum granite. 
Figure 1. (x80} Granophyric intergrowth of qu_artz (Q} and 
orthoclase-microperthite (Or), biotite (Bi) on the left. 
(x-nicols). 
Table 1, Petrographic Characteristics and Johannsen Classification 
of the G·ranites of Southeastern Miest,uri. . 
Texture Essential minerals(%) , Accessory minerals Alteration minerals Johannsen 
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PETROCHEMISTR Y OF THE GRANITES 
OF SOUTHEASTERN MISSOURI 
General Statement 
Through the courtesy of the Missouri Geological Survey twenty-
seven chemical analyses of the Precambrian granites of Southeastern 
Missouri were made available for petrochemical study. Though the 
localities of the individual samples are not identical with those selected 
for the petrographic and spectrochemical work (Figure 2), nevertheless 
the chemical samples are generally from the same area and each 
granite type is represented. 
The g!anites of Southeaste-rn Missouri have been classified by 
Forbes Robertson (1949) accor~ing to the C .. I. P. W. classification. 
They belong _to class I, whe_re the sal:£em ratio is greater than 7. 00 
(per salic), and into orders 3 and 4 according to whether quartz is nearly 
equal to feldspar (quarfelic), or feldspar is dominant over quartz 
{ quardof elic) . 
In the present study the system of Niggli (1954) was applied for 
petrochemical classification. Since the American reader may not be 
th.oroughly fa:miltar with_ this.method, a brief explanation and a compari-
son is made with sorrie of the better known systems of igneous rock 
classifications. 
Petrochemical Classifications 
In the classification of the rocks a distinction must be made 
·between a mine·ralogical and a chemical clas,sification. A mineralogical 
classiffcation is based on the actual mineral composition of the natural 
rocks. A chemical classification is based on their chemical composi-
tion. This twofold classification arises from the fact that although a 
certain mineral assemblage uniquely determines the chemical composi-
tion of a·rock, the opposite is not true. From a given. chemical com-
position a::variety 0£ mineral assemblages might develop. Therefore 
the ch~mical systems are classifica~ions of rock magmas rather than 
that o~ rocks, since :from a given magma under different conditions 
entirely different rocks may crystallize. Besides the purpose of classi,;. 
fication, petrochemical syste·ms give information about the chemical 
history 0£ rocks and their gene~ic relationships. 
Quantitative chemical analyses of rock_s are generally given in 
weight percentages of oxides. These include: SiOz, Alz03, Fez03, 
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FeO, MgO, CaO, Na20, KzO and MnO. In addition, other oxides 
important in certain _rocks, such as TiOz, · COz,. Zr02 , PzOs~ Hz 0, etc., 
are often obtained. In the last :£ew years, however, there has _been an 
increasing tendency in the literature to use atomic or ionic percentages 
(E~kola, 1954). 
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Among the first petrochemists was Elie de Beaumont {Johannsen, 
1939, p. 61). He attempted to establish the difference between the 
leucocrate and melanocrate rocks by mathematical means. From the 
weight percentages of the oxides of a chemical analysis he calculated 
the so-called "oxygen-ratios", which are based on the difference between 
the oxygen content of the basic oxides {Fez03, FeO, MgO, CaO) and 
the oxygen content of the silica. Elie de Beaumont then classified the 
. rocks as acid, neutral or basic. 
Loewinson-Lessing {Johannsen, 1939, pp. 63-65) was the first 
to use molecular munbers in the calculation. The weight percentages of 
the oxides were di~ided by their molecular weight. From these values 
he calculated the acidity coefficient of each rock {mols. of O in SiOz : 
mols. of O in the bases) and then divid~d them into four main groups: 
acid, neutral, basic and ultra-basic, depending on its value. 
Michel-Levy and Osann (Johanns~n, 1939, p. 70) further developed 
the method by distributing the components. into groups. In the system 
of Osann group A contains the amount of alkalic feldspars ((K, Li) 2 0 + 
Na2o ], group C the calcium feldspar (Alz03 - A), and group F the 
"coiored" or dark silicates [FeO + MgO + MnO + NiO + SrO + BaO + 
{CaO - c)]. The difficulty of this system was that Osann supposed that 
all the alUinina enters the feldspars. 
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The leading idea of the American system of Cross, Iddings, 
Pirrson and Washington (1902} was to recalculate the rock analyses 
into a standard set of mineral molecules. The method offers a system 
according to which rock analyses can be quantitatively studied and 
compared from a petrological point of view. Molecular numbers are 
used for the calculation. The authors distinguish the actual mineralog-
ical composition or mode from the calculated mineralogical composition 
or norm. 
The distribution of the components into the standard normative 
minerals is performed in a prescribed sequence. The C. I. P. W. 
system is useful for genetic classif_ication of rocks and for the calcu-
lation of the normative mineralogical composition. Unfortunately it 
does not account for the water content, and the calculation of such im-
portant rock-forming minerals as amphiboles and biotite is not possible. 
Also, the use of the molecular number is somewhat more inconvenient 
than that of the molecular norms. 
The Niggli system ( 1954), which is a modification and simplifica-
tion of the Osann system, applies the molecular norms for all purposes 
of petroch~mical work. These are easier to work with due to the 
elimination of decimals. The following data and methods are used: 
__ wt. % of oxide·s Molecular norm 
mol. wt. of oxides 
x 1000 
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Molecular norm = Molecular number x 1000 
· The molecular norms of the so-called basic oxides are summed 
up to 100, e.g., 
al+ fm + c + alk = 100, 
where al means the molecular norm of Al2o 3 , 
fm mearis the molecular norm of FeO (all Fe as FeO) + MgO + MnO, 
c means the molecular norm· of CaO + (SrO + BaO, if any), 
a1k means the molecular norm of Na2o + KzO + (Li20 + RbzO, if any). 
These values recalculated to 100 are called Niggli or molecular values. 
· In addition to these four, there are others. The value of si is the ratio 
of SiOz to the amount of the basic oxides: 
si = Si02 x 100 
Alz03 + FeO + MgO + CaO + NazO + Kz(? 
The same factor which is used to make the molecular norms add 
up to 100 is applied individually to the molecular norms of all the rest of 
the oxides. Therefore: 
ti = TiOz; p ::::; Pz05; h = HzO; ~2 = COz; zr = ZrOz; etc. 
The value of mg refers to the ratio of MgO to fm., and that of k 
to the ratio of K 2o to all the alkalies (alk): 
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MgO 
k = KzO 
FeO + MgO + MnO. KzO + NazO + LizO 
The latter values always lie between O and 1. 
For the characterization 0£ an igneous, metamorphic or sedimen-
tary rock the following Niggli values are necessary: 
si, al, .frn, c, alk, ti, p, mg and k. 
Examples of Niggli values of some rock forming minerals and 
the calculation of the Niggli values from the chemical analysis are given 
in Tables II and Ill. 
The Niggli values permit: 
1. Classification of rocks and interpretation of petro-
genetic processes, 
2. Calculation of the possible normative mineral com-
position of rocks. 
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Table II 0 . Examples of the Niggll Values 
of Some Rocle Forming Minera1so 
Mineral Composition 
----·-·----------- -------------.-- ···---····--···-- - .. ---- ..... --·--·-----#--·----------
Orthocl~~~---· · ·-----+t---·--·----· 6 _ S1D2 0 _ l _ Al203 o _ l _ K20 - ·---- ---····---------· 
.Albite 
Mg-Olivine 
I~=====-=.:::-=--===·····----------- -=-::.-======::::-:======..;-~-·=- . . . ..-.:-
M1.nera1 NiooU Vn1noo 
11 B~--T-~---: fu ! o -·r_---·~· ·· r-·-~---~~--·  -----rng 
-------- -----~- -~ ~--- --- --- - ___ ..J___ J__ ..  ·-·-·- ---
I I 
Orthoclase 300 5o o ! o 1 So 1 1 I -
--···-·· ·-···· ·-- - ·-· .. --···- - ..... ··-------- ··----·--- - ·---· --·· ·-- --· '. .. . .. . .. ! ----· · - ·-· · -- --- --~---· - ... -t--- ··----·-
Alb i~ 300 5o o l o I 5o + o , -
It------------~·------ ------·--·-----+-----_J____ -------·-t-··-----·- -
·---:=~=-~--=--=c~; ____ _J_~_j-~-~--t--?: ·--±---: r = ±-·i·---~ 
Table III. Calculation of Niggli Values from Weight Percent 
of Oxides of a Rocle Analysis. 
ll======i=====i=:, ~1•10~..Lo:.,:_~ .... ==~===;::====1==~==tn-=--===-=.:;~.====-.-~--~----11 
270* mo % ixl 000 si al fm c a1k 
- ---- ----~--... . ---- . l . '--- ·----------·- - -----..---·--·~- ·-·· 
s102 77 oS5 1296 1296 
~;:~;~L~~:~~ --~ -r~~-- (~ --·· 4:+=--+ . 
_!eO ·.-+---5~-----·7 -·-_ . ·- · +··----~ 7-+--·+- ]' 




___ 0 ___ ~---+--, 
1 _ ~--+ . 009 . 2 .. -t ·---·- -----~--~--+--~ll ---+-t 
Cao I O 7 3 12 r ! I 12 i 
~ -r·--- ·---· - --· ·- --· - -- -·--r-· - ----r---·--· - -· -·-+-1 ---++ 
::;0-1---t{;---:-·, I I ! -+~·-·i ----+------- - . r 
al (112) = 4606 
fm ( 13) = 5o4 
C ( 12) a 5oO 
alk~l03~ 0 42.9 
240. 99o9 
si(l296) a 540 
Tota1 T 99.881·-----1;96tll2p-
1
-J2-· -10_3 _____________ "" 
~hemical analysis sample number. 
Classification of the Southeastern Missouri Granites Ac~ording to 
the Niggli Petrochemical Method 
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Niggli values were calculated for all the ava,ilable chemical 
analyses of the Southeastern Missouri granites without further calculation 
of the normative mineral composition. A number of preliminary con-
clusions can be drawn from a me re inspection of these figures. Even 
without further calculation these values permit a fair estimation of the 
mineralogical composition. (Niggli, 1954, p. 16). Plotting the results 
is accomplished with the aid of diagra.m.s. These, together with the 
QLM values which were calculated for classification purposes only, will 
be discussed in the following section. 
Chemical character of the granites based on the Niggli values 
si content. According to the si value magmas ·are generally 
divided into the following three groups: 
si > 200-225 
si = 170-200 




The si value of the granites of Southeastern Missouri rang~s from 
263 to 552. The majority of the sam.ples has a ·si value above 400. Those 
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with lower si v~ues are mostly Fredericktown granites (bu~ not neces-sar-
ily all of them), the Silvermine granite (si = 350) and the Knoblick gran-
ite (si = 286). Despite this wide range of the si value, the rocks are 
a~l definitely ·acidic in their chemical character. 
al : fm ratio. -Further characterization 0£ the magmas is based 
on the al : fm .ratio. The value of frn for each rock is plotted against 


















Figure 3 shows the positions of t~e granites in this diagram. It 
is evident that most of the rocks lie in the salic field. The Doerun, 
Graniteville and Klondike granites are generally more salic, having 
*The symbols mean: + = larger, smaller, N = nearly as much. 
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their positions on the lowest part of the diagram. The Fredericktown 
granites, the granite porphyries and the Silvermine granite are higher 
in their ~-content, but they are still well within the salic field. The 
. granite from Steno Mountain and the Knoblick granite are rather far 
away from the majority of the samples lying slightly in the subfemic 
field. This means a lower al and a somewhat higher £m value. But it 
does not mean that they are genetically unrelated to the other rocks 
since all the points are essentially in the sa:m.e field on the graph, ex-
hibiting a definite tendency toward the isofal field. Only sample No. 54c 
(reportedly a Doerun granite in contact with the Silvermine granite) is 
surprisingly out of the salic field, having a position at the corner of the 
isofal field. 
al : alk ratio. A plot of the alk values against the al values as 
abscissa yields the results in Figure 4. The following fields are dis-
tinguished in the figure, each representing a magma type: 
alk ) al 
al ) alk > 2 / 3 al 
2 I 3 al ) alk > 1 I 2 al 
alk < 1/2 al 
peralkalic ma:gmas 
subperalkalic or relatively alkalirichmagmas 
intermediat_e alkalic magmas 
s.ubalkalic magmas 
Note that in the plot the granites lie within the field of the _rela-
tively alkali rich magmas with the exception 0£ the Knoblick granite. 
Si l vermi ~e gran i~2 
Klo ndike g ranite 
Gran ite vil l e granite 
Doer un granite 
Kn obLick g rani te 
F r edericktown g r a it e · 
Granit e porphyries 
peralka. lic 
a lk > al 
• 




alk ( l/2al 
Figu re 4. Ch emi cal c h a r a c t cr o f the g ran i t es of 
Miss o ~ri, b ased on che a l: alk ra t ios o f Ni gg l i . 
which with a very low alk value is intermediate alkalic. The Doerun, 
Graniteville and Klondike granites have relatively higher alk values, 
while the Fredericktown granites, the granite porphyries and the Silver-
mine granite have lower alk valu~s. Sample No. 54c again behaves very 
differently from the rest of the Doerun granites. With its very low alk. 
value it therefore lies at the borderline between the relatively alkali 
rich and the intermediate alkalic fields~ 
c value. According to the~ value the following magma types are 
distinguished. 
c ) 25 c-rich 
c = 15-25 c~normal · 
c ( 15 c-poor 
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All the granites have a c value of less than 15, therefore they have 
all originated from c-poor magmas. 
The~ value of the rocks ranges £rom 1. 8 to 13. 7. The highest 
c value was calculated for the Knoblick granite. The second highest~ 
value is that of sample No. 54c (~ = 10), but otherwise the Doerun, 
Graniteville and Klondike granites have somewhat lower ~ values than the 
Fredericktown granites, granite porphyries, and the Silvermine granite. . . 
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Summary. According to the Niggli values therefore the chemical 
character of the magma from which the granites have originated is 
acidic, salic, relatively alkali rich and c-poor. The rocks .are definit~ly 
related to one another, but as the conditions of crystallization were 
different in each case the mineral character is not uniform for all the 
rock types. The Fredericktown granites and the granite porphyries, 
which are considered to be older, are generally less a:cidic, less sal~c, 
less alkalic and richer in~ content than the younger rocks. The Knoblick 
granite behaves very similarly to the older granite series in its chem~cal 
character; therefore it is probably genetically rel~ted to those. 
The variation diagr a:m of the granites 
The reduction of the twelve or. more figures of a rock analysis 
to the five main values of si, al, fm, c and alk allows not only a better ---- -- . 
review of the chemical circumstances, but also a simpler graphic repre-
sentation. The representation of five different values in a planar diagram. 
presents difficulties, since the components of a single rock can not be 
plotted as a single point. The relationship of the values al, frn, ~ and 
alk to that of the~ is such, however, that by the construction of a. vari-
ation diagram the problem is easily solved. 
Of the five values si exhibits the widest range of variation~ In 
the granites of .Southeastern Missouri they range from 263 to 552. The 
other four values vary within much smaller limits. Moreover,~' nn, 
:::._, and alk, are all dependent on th_e amount of SiOz in the rock. With 
lower si values the amounts 0£ al and alk ~re generally lower, but at the 
same time the corresponding £m and 5::.. are _higher (in accordance with the 
rule: al + fm + :::.. + alk = 100). With increasing si values the amount of 
al and alk increases, that of £m and:::.. decreases. 
With this _consideration the variation diagram is constructed so 
that the values of al, fm, 5::.. and alk are plotted on the ordinate against 
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the value 0£ si on the abscissa. Each rock will be represented by its si 
value and above it on a vertical line the correspo.nding al, :fm., 5::.. and alk 
values are plotted, using a different symbol for each. When all the analyses 
with their varying si values are plotted on the graph, the corresponding 
symbols for the four others are connec.ted. The result is a diagram. with 
four curves as shown in Figure 5. The ·al and alk curves have an upward 
tende~cy to the right (increas~ng si, increasing al, alk}, the al valu~s 
remaining always higher than those of alk. The c and £m curves t~nd down-
ward to the right (increasing si, decreasing fm, c), the £m values being 
generally higher than those of:::..• The different analyses are represented 
by their numbers above the co~responding si positions. 
A complete variation diagram contains rock analyses with a much 
wider range of si, from 50 upwards to about 500. Such a diagram exhibits 
the vari.ation of the Niggli values in the whole ~eries_ of magmatic 
x 















Doer ..:·.1 g ra 'Li.. t e 
" Gran ite 
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differentiation. · As such, it is characteristic of the magmatic province 
. -
in which the rocks belong. Since. the analyzed granites were all rather 
str~ngly acidic, the _diagram of Figure 5 should be regar~ed as the right 
h~lf of a complete variation diagram. Note that si values below 200 are 
not represented, since such low values were not encountered for these 
rocks. If the andesites, basalts, diabases, etc. 0£ the· Southeastern 
Missouri Precambrian were plotted on this variation diagrain., with their 
lower si values, we would have the complete variation diagram. for this 
particular ro~k province. With such an addition the al and alk curves 
would continue to decline to the left, the .£m. and_£ curves would rise in 
that direction. At a certain point ~n inter section of the alk and ~ curves 
would occur, - as in the intersection of curves al and ftn shown in Figu1:e 5. 
These intersections on the variation diagram are important in the recog-
nition 0£ the petrographic province, the corresponding si values being 
determinative. 
A petrographic province as defined by Turner and Verhoogen 
( 1951, p. 66) is a "broad region over which presumably related igneous 
rocks have been injected or poured out during the satne general epoch of 
igneous activity." Members of a petrographic province may be relatively 
unifor.m: in composition, but n'l.ore usually they are varied both in 
mineralogy and in chemical composition. There may be a wide range 
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of chemical variation in the series as a whole, but the chemical characters 
of the representative rocks tend fo vary regularly. Some igneous 
provinces, for example, are characterized by a high soda content in all 
members. 
Many petrographic provinces have been described, some of them 
in great detail (Burri and Niggli, 1945). It is interesting to note that even 
on a world wide basis they tend to conform to one of the relatively small 
number of standard types. Generally, rock suites intruded into fold 
mountains of orogenic regions ·are calcic, while those associated with 
vertical faulting in :non-orogenic areas are alkalic. As the former rock 
types were observed in the folded mountains of the circum-Pacific orogeny, 
this rock suite was called Pacific (Barth, 1952, p. 169). Similarly, a~ 
the alkaline rock series was associated with the coastal districts and 
islands of the non~orogenic Atlantic basin, it was called Atlantic. These 
_ geographical adjective·s were rather unfortunate, how~ver, for both 
"Pac.Hie" and. "~tlantic"· rock suites were. describ~d outside these general 
geograp~ic areas. Therefore it is better to describe the provinces 
according to their chemical character, that is calcic for Pacific and 
alkalic for Atlantic. There is, however,. no unanimity in the usage of 
terms. Certain transitions also exist between the two main petrographic 
pr.ovinces. Peacock (Barth, 1952, p~ 172) proposed a fourfold classi-
fication and divided the Pacific province into calcic and calc-alkalic, 
and the Atlantic province into alkali-calcic and alkalic, thus providing 
for such transitions. 
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All these factors should be borne in mind when Niggli 1 s classifica-
tion is presented in this study. Niggli I s Pacific province includes the 
calcic · and calc-alkalic province of Peacock. He · divided the alkalic 
province into twot the Atlantic and the Mediterran, according to 
whether sodium or potassium are dominant, respectively. Barth (1952, 
p. 172} gives a good comparison of the different connotations. 
It is possible to determine exactly the degree of alkalinity of a 
rock series on the variation diagram with the aid of the alkali-lime index. 
It was originally proposed by Peacock (Barth, 1952, p. · 172} and Niggli 
adopted the idea £or his system. The value of the abscissa 0£ the point 
of intersection of the alk and_~ curves expressed in terms of si is the 
alkali-lime index. The smaller the index is, the more alkalic the rock 
suite is, and the higher the index is, the more calcic the rock suite is. 
Specifically speaking,· i£ the alkali-lime ind.ex is at · si = 1 75 or more, the 
rocks belong· to NiggH' s Pacific (calcic) province; if it is less than 175, 
they are either Atlantic or Mediterran (alkalic). 
Figure 5 does not show the alkali-lime index of the granites. It 
can not be constructed from ac~al points because the number of analyses 
in the lower si region was very few. We have also mentioned that 
Figure 5 represents only the right hand side of a complete variation 
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diagram of the Precambrian igneous rock series of Southeastern Missouri. 
But from the general trend of _the two respective curves, it seems that 
the intersection would occur above 175 if more analyses were plotted on 
the diagram. 
There are other factors which determine the petrographic province. 
According to the one mentioned above and the QLM _triangle (see next 
section} it is very probable that the granites belong to the Pacific province. 
If so, however, they.are not typical members of this province. The 
very high alkali content of the rocks and the astonishingly low ~ values 
are not ty~ical of Niggli I s Pacific or the calcic province. On the other 
hand, rocks of the alkalic (Atlantic and Mediterran) provinces seldom 
reach such high si values as these granites. If not of the Pacific type, 
of the iatter two alkalic provinces they could only belong to the Mediterran 
(high-potash) province, as their sodium content is generally smaller 
than that of rocks of the Atlantic (high- soda) province·. The Atlantic 
province is soda-high, with k values not exceeding·O. 3. Considering 
this, the possibility of these 1:ocks belonging to the Atlantic petrographic 
province of ~iggli is definitely excluded. 
The k value expresses the ratio o~ pota~h to all the alkalies. 
Therefore highe! k value mean.s a more potash-rich rock. Figure 6 . . 
shows the relationship between the values k and mg (ratio of MgO to all 
mg 0. 3 
0. 2 
0 . 1 
FigJ re 6. 
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the ferromagnesian compounds). The majority of the analyses has k values 
between Oti_4 and O. 5. Rocks of the Pac~fic province (if they are acidic 
enough) may genel"ally attain such valu.es. And even in this province 
c can be as low as 3. 5. · Therefore the writer concludes that the granites 
are essentially Pacific in character, but show a certain tendency toward 
·the_ Mediterran province. If Peacock's terminology were used, they 
could be classified as calc-alkalic. 
According to Niggli, the ~-mg diagram may also be character-
istic of the petrographic province, although it can not be regarded as 
certain evidence. In the Pacific.province type for high.si the k values 
are highe3:, and the mg values are smaller. This is approximately so 
in Figure 6. 
More interesting is the position of the different granite types on 
this diagram. The highly siliceous Doerun, Graniteville and Klondike 
granite types have higher. k and lower_~ values, while the Fredericktown 
. . . 
granite types are a little poorer ink, ripher in~, and the Silvermine 
granite has definitely lo~er k v:alue, slightly more mg~ Sample No. 54c 
behaves in an unusual manner again, and with such low k and high ~ 
values it cannot possibly he a typical Doerun granite. Saniple No. 46c 
(a Fredericktown granite) has the smallest k--- value, as in this analysis 
the.weight percent of Na20 was 7. 85, while that of K 20 only 0. 19 • . 
This must either be a spe~ial rock type or analytical error. Sample 
No. 37c from Bismarck has a very high mg valu·e, (0. 53), but it is just 
as rich ink. 
The QLM triangle . 
As we have seen the graphic representation of chemical analyses 
of rocks is not possible ·on the variation diagra.rr1 by a single·point. For 
several reasons, however, such a representation would often be more 
convenient. If one applies a simple calculation to the Niggli values, the 
purpose can be achieved in a triangular diagratn. For the rules of com-
puting the three base groups Q, L, -and M from si, al, fm, c and alk the 
reader is referred to Burri and Niggli ( 1945, pp. 95 -97} • 
. The letter _Q stands for quartz, it is located at the apex of the 
. triangle. The right lower corner is L for the leucocrate base group. 
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The mineral molecules kaliophilite, ·nepheline and calcium aluminate are 
located at L. They are characteristic constituents of the light colored 
feldspar min~rals. On the QL side of the triangle at about Q = 40 is the 
position of the feldspars (F), _orthoclase, . albite, anorthite. The left 
lower corner M is a _ssigned to calcium orthosilicate, forsterite and 
fayalite, which because of their participatio~ in dark minerals, are 
called melanocrate base groups. On the QM side of the triangle at about 
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Q = 25 are located the. pyroxenes (P). The aniphiboles and biotites are 
within the triangle, their positions being determined by the Q : L : M 
ratio in them. 
A rock analysis can also be expressed in terms of Q, L, and M 
so that Q + L + M will always be 100 (Q, L, and M then will mean 
percentages). Then one point in the triangle is representative of one 
particular rock analysis. In this way a large number of rocks can be 
compared with practically a glance at the diagram. But what is even 
more important, the three petrographic provinces of Niggli can easily 
be recognized on a QLM triangle. 
Figure 7 is a QLM diagrani with the granite analyses plotted 
on it. As before, the difference between the rock types is well seen. 
The Doerun, Graniteville and Klo"ndike granites are higher up in the 
triangle, most of the~ with Q values above .57%. The Fredericktown 
granites, the granite porphyrie_s and the Silvermine granite are located 
below this first group, with Q values between 52% an4 57%. The Knob-
lick granite has only 49% Q and much more M than any 0£ the others, 
except Sample No. 54c, which with its low.est Q and highest M value is 
the most basic of all the analyses~ 
It should be noted again that a complete series of magmatic 
differentiates would occupy positions in such a way that the points of 
. . 
the more basic members would always have lower Q and higher M values. 
Figure 7. QLM diagram of the Precambrian 
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It would be the continuation of-the granite field in a s<?uthweste~ly _dfrec-
tion. ~uch a posit.ion of rocks in the QLM triangle ·is typical of the 
Pacific petrographic province. Therefore it seems positive, together 
with the evidence obtained in the previous section, that the_ gr~ites 
belong to ~e Pa~ific province of Niggli ( or. the calc -alkalic province of 
Peacock)~ with a som.ewhat higher. alkali content and a lower ~ content, 
than fypical repre·sentatives of this province. 
Magma types 
The granites can best be classified accordi:r;ig to their mineralog-
i_cal composition (Johannsen classification) and the cheinis.try of the 
magmas out of which they have been formed (magma type). As each 
. . 
petrographic pr~vince has different ma"gma type~,. it first had to be 
ascertained to which province the granites belong. This problem w·as 
discussed in detail in the foregoing _section and the granites wer~ all 
cl_assified as essentially Pacific in character. 
The magmas of the Pacific provi11:ce wer~ further classified 
. . 
according to the Niggli values (si content, al : £m ratio, al : alk ratio 
and c value}. The chemical character of the granite magmas was . 
de scribed on page 61. 
With these considerations in mind the Niggli values of each . 
granite analys~s were then compared with the Niggli values of each 
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specific magma type listed by Bur.ri and ;Niggli (1945, p. 51, Table l}. 
The magma type of the granite is that one which most closely approxi-
mates a described. type in the Burri and Niggli grouping. The Niggli-
QLM-values, and the magma types of the analyzed granites of Southeastern 
Missouri are listed in Table IV. 
Those rocks which are of the same magma type suggest a close 
genetic relationship. Thus the Doerun, Graniteville and Klo_ndike 
granites, each in the aplitgranitic magma type, suggest that they all 
have crystallized from essentially the sarne magma, which was aplit-
granitic in character. Differences· in the appearance and mineralogi_cal 
composition of these rocks might have been caused by relatively minor 
local va_riations in the physico-chemical conditiqns during crystallization. 
The problem ?£ the Frederickto-w:n granites can .not be solved so 
easily. Sam.ples Nos. 44c and 45c have aplitgranitic magmas, while 
samples Nos. 48c and 49c, and both the gr~ite porphyries have 
engadinitgranitic magma type ·.(less acidic,_ less ~alic, less alkalic, 
more femic and more calcic than the aplitgranitic}. They. are both 
essenti~lly leucogranitic magmas. Sample No. 46 with its high sodium 
content was fot1:nd to b~ natronen·gadinitic, which is a trondhjemitic magma. 
If th.e Fredericktown granites and the granite porphyries_ are members 
of an older intrusion,. the nature of that magma was probably very 
similar to the younger magma type which produced the Doerun, Granite-
Granite typ3 Ifoo Q L 
Graniteville 27c 6108 3608 
Doerun 28c 6201· 36o2 i 
Graniteville 30c 5906 I 3Bo9 
. Klondike 3lc 60.0 1.380 .3 
Doerun 32c 60o2 38oS 
.Graniteville 330 5906 f 39o3 
Higdon 34c 60o6 \ .37. 7 
Dcoru.n 35c 6lol 3506 
Dczrun J6o 60o3 f 37o4 
Bismarck 
(Dooran) 370 5Bo9 37oJ 
Ia.ondiko 380 5908 3706 
IQ.on.dike 410 58ol. 3Bo6 
Undifferenti-
a.tad (Doerun?) 420 57o3 40ol 
Stoo Gemvieve 43c 54o7 4208 
. Fredericktmm 440 55o9· 4lo5 
Fredericktmm 45c 59ol · 370~ 
Fredericlttoun 460 5206 44ol 
.Fredericktot-m 48c 5606 4lo9 
Frederict."'to1-m 49c 5Jo4 40o4 
Silvermin.9 · 510 53o0 4lo9 
Kncbllck 530 49o2 -4306 
Doerun & Silver-




S6c ·5603 39o9 
Granite 
porphyry 570 S3~3 42o2· 
Doerun 71c 5708 3Bo5 
Doerun 72c S5oS 41o2 
Doerun 73_c 5906 37o9 
Tablo !.V O Uiggli-:, QL!·1-vnl.ues and l·!agm.;l. Typas 
of the G~ani tes or Southeastern Hi.ssourio 
M si al fm 0 alk k mg 
.. 
I 
1o4 540 4606 5o4 5oO 42o9 .421 ol5 
lo5 552 48o7 Sol 2ol k4o0 043 ol.6 
lo3 503 4608 3o5 602 43o3 0441 022 
lo5 ,JJ.i 50o0 306 2o0 44o.3 · .47 022 I 
lol 516 47o7 . 408 306 43o1 .51 0·16 
l.oO t Soo 4706 3ol 60'2 42o9 l 042 ol2 
106 t ,12· 49o7 4oO 306 42o5 044 oOO 
3o2 t-500 i 48o2 9ol 3o5 39ol 035 021 
2ol 1498 4Bo2 607 4oJ 40o7 046 oll 
• 
3o7 f 476 42o4 l5o5 l.08 ·4001. 050 053 
2o5 485 4708 7o7 4o2 40ol 047 ol5 
3o2 u,_? ·. 43o2 l2o4 508 38o4 041 008 
2o5 461 44o5 7o9 5o3 · 42o2 045 009 
2o3 407 · 45o7 llo7 600 39o3 046 034 
2o5 428 . 45oO 9.o9 4o9 40o0 o4J: 028 
3ol 453 : 46o9 3o4 607 3608 · .45 oOO 
3o2 391 . 4308 lOol So2 40o9 oOl 032 
·lo3 403 45o3 12o4 4o7 3:1<>5 t 040 013 
6ol 371 J8o9 19o3 7o2 34o4 J o4J. 032 
4o9 350 4308 1408 9o0 · .32 • .3 I o3B 034 
7ol 286 39o3 '2004 l3o7 26o4 032 037 
2601 I . I 908 263 . 3606 27ol lOoO 030 l 042 
3o7 420 45'ol 12 0 2 408 37o7 053 I olh 
·4o4 376 44o9 llioS 5ol 36o7 046 ol5 
3,,7 441 46o3 llo3 4o4 37o9 057 oOO~ 
3o3 420 4ho5 llo9 308 3906. o5o 005 





ti p Magma typo 
041 oOO Aplitgranitio 
oOO oOO Aplitgranitic 
oOO oOO Aplitgranitic 
oOO oOO Aplitgranitio 
040 oOO Aplitgranitic 
oOO oOO Aplltgranitio 
040 oOO Aplitgranitic 
039 oOO Aplitgranitio 
039 009 : .Aplitgranitic 
075 oOO Aplitgranitic 
038 oOO Aplitgranitic 
2020 oOO AplitgranitiQ 
2o64 oOO Aplitgranitic 
063 oOO Engadinitgranitic 
lo77 oOO 11._plitgrani tic 
lo87 037 Aplitgranitic 
2o27 . 032 . Natronsngadinitic 
067 033 Engadinitgranitic 
l.o80 031 ··Engadini tgranitic 
lc40 oOO Yosemititgranitic 
lo20 '. 025 Oranodioritic 
lo20 048 Granitic 
lo JO oOO Engadinitgranitic 
lo50 .. r . ·ooO Engadinitgranitic 
013) . oOO Aplitgranitic 
"· t · 
070 oOO Aplitgranitic 
078 039 .Aplitgranitic 
... 
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ville and Klondike granites·. Yet p~ysico-chemical conditions must have 
acted quite strongly to produce the three different magma types observed 
in these rocks. Based on petrochemical evidence only, it is also pos·sible 
that there was orily one intrusion, essentially an aplitgranitic one, 
which had an aureole of a more basic and varied character. The products 
of this aureole would be the Fredericktown granites and the granite 
porphyries. The granite from Ste. Genevieve County (sample No. 43c) 
is also engadinitgranitic and this suggests its relationship to the Freder-
icktown granites. 
The Knoblick granite has a granodioritic magma type, which is 
less acidic and less alkalic than the leucogranitic magmas. As in 
·other chemical aspects, this analysis was very similar to the Frederick-
town granites, this rock is thought to have been formed under conditions 
similar to the Fredericktown granites. 
Data for the Silvermine granite are ve~y inadequate. Only one 
an~lysis was available and this suggests that the Silvermine granite was 
of a yosemititgranitic magma type. This one analysis, how~ver, is not 
enough to permit a definite conclusioJ?,., but according to the geologic and 
petrographic evidences it is probably correct to assume that this is a 
differ~nt grai:iite. The anomalous behavior of sample No. _54c is probably the 
result of its being a contact product between the Silvermine and Doerun 
granites. 
Summary on Petrochemistry 
The Niggli petrochemical classification of twenty-seven chemical 
analyses of Precambrian granitic rocks from Southeastern Missouri 
revealed their petrogenetic relationships. The chemical character of 
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the magma out of which they have formed was acidic, salic, relatively 
alkali rich, and lime poor. The Doerun, Graniteville and Klondike 
granites are in the aplitgranitic, the Fredericktown granites and granite 
porphyries in the aplitgranitic and engadinitgranitic, the Knoblick granite 
in the granodioritic, and the Silvermine granite in the yosemititgranitic 
magma type. ..All the rocks belong to the calc-alkalic petrographic 
province. 
SPECTROGRAPHIC ANALYSIS OF THE GRANITIC ROCKS 
OF SOUTHEASTERN MISSOURI 
General Statement 
Detailed spectrographic analyses of the Southeastern Missouri 
Precambrian igneous rocks have not been published. Available chem-
ical analyses report only the more abundant elements. The latter are 
important in determining the nature and chemistry of the original magma 
and serve as a basis for classification. Sp~ctrochemical analyse~, how-
ever, yield data on the less abundant trace elements. This technique 
has not been extensively applied in rock analyses, although it offers 
useful results. 
Bray's ( 1942) investigations on the distribution of minor elements 
in igneous rocks from Jamestown, Colorado, allowed him to draw some 
interesting conclusions. Acidic igneous rocks of both Precambrian and 
Tertiary age ,were analyzed. The results indicated that the minor ele-
ments were systematically distributed in the rocks and their distribution 
permitted identification of any rock in the district. 
The .analysis of New England granites by Shimer (1943) ·showed 
that each granite type had well marked minor element characteristics 
whereby it could be distinguished from the others. He also established 
a relationship between grain size and minor element content of the 
granites, noting that the finer the grain of the granites, the more abun-
dant the minor elements. 
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In the present investigation forty-four saniples 0£ the Precambrian 
. granites of Southeas~ern Missouri were analyzed spectrographically. 
Since several distinct types .of granitic rock_s are known in this area, the 
question arose ·as to whether these rocks differ in their trace element 
content. ..f\.n attempt was made to recognize· the distribution pattern of 
the minor elem·ents in the rocks and, if ·possible, set up a scheme by 
which the rocks could be identified ·on this basis. Since previous data were 
not available, comparisons were not possible. However, comparisons 
with analyses· o:f similar rocks from other districts were made. 
This trace element study may _serve as an _ initial step in the inves-
tigation of the Precambrian igneous rock typ·es of Southeastern Missouri 
on a spectr·ographic analysis basis. Much more detailed research is 
necessary, however, before the final answers can be given. 
Preparation of Samples 
In the collection of various ·rock samples {see page IO) special 
attention was given to obtaining fresh material. The samples were collec-
ted from the .best rock exposures which showed the least weathering. In 
order to prevent contaniination the .label,ed samples were placed in clean 
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paper bags. The geographic loca~ion of each sample is shown by a dot on 
Figure 2. The corresponding nurnbers are indicated on overlay No. 1 of 
Figure 2. 
The samples selected for the qualitative spectrographic analysis 
were large. Most of these weighed about one pound each. Only ten sam-
ples were smaller, the smallest, a contributed sample from Knoblick, 
weighed about one ounce. The samples were carefully cleaned and later_ 
crushed in a jaw crusher of. the fylisse>uri Geological Survey. The jaws 
are made of cast iron. The trace element composition is not available, 
but is not considered important because of the sampling procedure used. 
After each sample was crushed the equipment was then cleaned with a 
brush. 
The sizing of the material consisted of two stages: 1) the sample 
was crushed to a minus half inch, 2) then it was pulverized in a pulver-
izer with cast iron plates (composition not available) to a fine powder of 
minus 100 mesh. The powder was placed in clean glass containers and 
then thoroughly mixed on glazed paper·. A small portion o;f this powdered 
and mixed sample was placed in clean paper bags. 
Analytical Methods 
The instrument 
The Missouri Geological Survey 3 meter, 15, 000 line per inch, 
grating spectrograph made by Baird Associates (1951) was used for the 
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spectrographic analyses. The to~al number of grating rulings was 55, 000. 
The useful wavelength range of the instrument ranged fr~m 1800 A to 
5250 A. The dispersion at the setting used was 5. 5 A/mm over the 
entire plate for the first order. The theoretical resolving power of the 
instrument is 55, 000. 
Operating technique 
The essense of spectrographic analysis is the vaporization of 
the saniple and the rec.ording of the light emitted. The vaporization of the 
samples takes place on the optical bench part of the instrument where the 
sample is placed in graphite electrodes. A high temperature arc is 
produced through the electric power unit. 
This investigation dealt with the analyses of complex materials 
of high melting points. Each sample contained a large number of elements. 
In order to excite all the possible components very high temperatures were 
required. These were obtained by the use of the cathode layer method 
of carbon arc spectral analysis. Here a D. C. arc is produced in suc;h 
. a manner that the lower electrode containing the ~ample is always the 
cathode. Only the light near the cathode passes into the spectrograph. 
The temperature of such an arc ranges to 3000 degrees Celsius. The 
D. C. arc was operated at 10 Am.peres and 35-45 . Volts. 
A small a:rnount--about O. 2 gram--of each saniple was taken 
from the paper bags and dampened with a special mixture of collodion and 
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anisole. This made the mounting easier and since ·they are both ·organic 
materials there was no danger o_f introducing alien elements in .the 
sa.niple. The samples then were moun~~d fn-pure graphite electrodes. 
The composition of the electrodes was available. They contained iron, 
magnesiU!Il, manganese and sodium as impurities. 
The mounting of a spectrograph in general and the Eagle mounting 
used by the Baird instrument.s are illustrated in Figure 8. The arc 
. radiation is directed ~nto the spectrographic system through a lens and 
then through a slit ( S). The slit width was adjusted to 25 microns. The 
light passes to the concave grating (G) where by diffraction the spectrum 
is produced and reflected to the photographic· plate (A and E in the 
. . 
upper diagra.ni, Pin the lower diagram). Sinc:e no two ele:ffients produce 
the sa.nie spectrum, a complete record _of the light radiat~on, and there-
fore of the elements pre sent; is made. 
The recording of the spectra was done on:- Spectrum Analysis 
No. 1 emulsion on 4 11 by 10"· plates. These plates were developed in 
D-19 solution for 3 minutes. Ea~h sam.ple :was exposed three times. 
First for half a minute, then for one and two minu~es, respectively. 
For the majority of the elements pre sent, the wavelength range 
was selected between 2460 and 3875 A. For Ba and Sr .a different range 
was required since the most sensitive lines of these elements lie above 
4000 A. · ·separate analyse.s were run on th~se two elements in the range. 








Bo Relation of the 
Rowland circle 
to modified.Eagle 






The Eagle roountingo 
(A.fter Baird Associates, Bullo 32.) 
83 
84 
between 3640 and 5050 A. This time only two exposures were made, one 
for a minute, the other for two minutes. 
The _plates were analyzed by Miss Mabel E. Phillips of the .Missouri 
Geological Survey on a Jarrel & Ash type comparator-densitometer. 
Qualitative Analysis 
The present study was restricted to qualitative analysis, though 
· a semi-quan~itative · aspect \Yas used. Instead of merely noting the 
pres~nce or absence of an element, an estimate was made of the relative 
density of the element line when compared with the same line in other 
spe_ctra on the same plate. Since the density of a line is a function of 
the amount of the eiement pre sent, one can tell that sa.n1ple 1, for 
instance, has more of a certain element than sample 2, and less than 
saniple 3. 0£ course this gives no indication as to absolute quantities. 
This semi-quantitative approach was especially helpful in analyzing the 
trace element content of the rocks. 
To facilitate the work an arbitrary scale was set up to indicate 
relative quantities of the elements. The scale is as follows: 
H - High, major constituent 
P - Present, intermediate quantity 
L - Low, minor constituent 
VL - Very low, less than low 
T - Trace amount present 
ST - Slight trace, barely detected 
ND - Nat detected 
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These symbols are valid in comparisons involving a single element 
only. The sensitivities 0£ various elements vary widely and therefore a 
quantity designated as ''trace" for one might really be less than that 
indicated by "slight trace" for another. 
Table V. lists results of the qualitative rock analyses. Only those 
minor ele.ments were checked which appear in this table. None of the 
rare earths were analyzed. For locations of the samples see Figures 2 
and Appendix A. 
The major elements, Si, Al, Fe, Ca, Mg, Na and Kneed little 
discussion here. Their distribution in the granites was presented in the 
petrochemical chapter. From a spectrographic viewpoint they are im-
portant in that they control the distribution of certain of the trace ele-
ments. All that can be said about them here is their relative abundance 
in the granites. In all samples Si and Al were present· as major con-
stituents; Fe, Na and K as intermediate quantities; and Ca, Ti and Mn 
as minor constituents. Mg showed more variation, as sometimes it was 




· Tabl~ lf ~ Qualitative a.na.J¥ses of the Precambrian granites 
of Southeastern Missouri. 
Sample (Speotrographio determinations) Co Granite type number Mg Sr Ba Ti Zr .V Cr Mn Ni Cu Ag Zn Sn Pb 
6 L T T L T T L T T T ST ST ST T 
7 T T T L T T L T T T ST ST ST 
Frederick- 9 L T T L T T - L T T T ST ST ST 
town 9 L T T L T T L T T T ST . ST ST 
14 L T T L T ST L T T T ST ST 
49 L T T L T T L T T T ST T ST T 
Porphyry 57 L .T T L T T L ST T T ST ST ST 
18 T T T L T T L T T T ST ST 
36 L T T L T T L ST T T ST T T 
41 L T T L T T L T T T T T 
Doerun 44 L T T L T T L T T T ST T T 
45 L T T L T T L ST T T- T T 
47 T T T L T ST L T T T ST ST T 
48 T T T L T ST L T T T ST T ST T 
l T · T T L T ST L T T T T T T 
Granite- 52 T T T L T ST L T T T ST T 
ville 53 T T T L T ST L T T T ST T 
54 T T T L T ST L T T T - ST T 
·Ste0 Genevieve 59 VL T T L · T T L ST T T - ST ST · 71 L T T L T T L ST T T ST 
. Not detected in any samples: Bi, Cd, Sb9 As 9 Au, w, Ta, Ge, Be~ Cs, Li, P and Bo 
Legend 
Symbol Relative quantity present 
L Low, minor constituent ST Slight trace 
VL · Very lcn-1, less thc..'l low Not detected 
T Trace 
--- 4-- ---- ·. - --- ··--- -·-
Tabla ,. ~alitatiTe analyses of the Precambrian granites 
of Southeastern M:laouri (cont'd). 
Sample (Speotrographic determ1Dat10D8) 
Granite type number Mg Sr Ba Ti Zr v Cr Mn Co Hi Cu Ag 
6S T T T L T ST ST L T T T -67 T T T L T ST - L ST T T -
Doerun-like 68 T T T L T ST - L - T T -60 T T T L T sr - L - T T -6Z' T T T L T ST - L ST T T ST 70 T T T L T ST - L - T T -
58 T T T L T T - L - T T -Viburnwn, 6) L T T L T T - L T T T -Pea Ridge 66 T T T L T ST ST L ST T T -~ 69 T T T L T ST L ST T T - -
Knob lick 64 VL T T L T T ST L ST T T ST 
- 29 L T T L T ST - L ST T T --JO L T T L T ST - L ST T T -31 L T T L T ST - L T T T --llondike 37 L T T L T T - L ST T T -38 L T T L T T - L T T T -39 L T T L T T - L T T T -40 L T T L T T - L T T T -
15 L T T L T T · - L T T T -21 L . T T L T T - L T T T -Silver- 22 L T T L T T - L T T T -mine 2.3 L T T L T T - L T T T -24 L T T L T T - L T T T -26 L T T L T T .. L T T T -
Not detected in any samplesi Bi, Cd, Sb, As, Au, w, Ta, Ge , Be, Ce, Li, P am B. 
. Symbols as on previoua page • 
~ Sn 
I 
- ST - ST 
ST ST - ST - ST 
ST ST 










































The sensitivities of the trace elements 
Before discussing the results of the qualitative spectrographic 
analysis, it seems worth while to mention the sensitivities of the various 
elements. 
Ahrens ( l 950a, p. 54) distinguishes the absolute and relative sensi-
tivities of elements. According to his definition the absolute sensitivity 
is the "smallest detectable weight of element, expressed either in milli-
grams or in micrograms". The relative sensitivity better serves for 
practical purposes. It is expressed as the limit of detection of each 
element, it is the "lowest detectable concentration, expressed either as 
percentage or as parts per million" .. 
The relative sensitivities of those .elements which were analyzed 
and checked are tabulated in Table VI. This gives an idea as to the mini-
mum concentration of those elements detected in the granites.. On the 
other hand it also indicates that the absence of certain elements, such 
as tungsten for example, does not necessarily mean that they are not 
present. They may be present, but in such low ·concentrations as to be 
below the limit of their detectability. 
In the following a discussion of the trace elements of the granites 
will be given. These are discussed under the s:iderophile, chalcophile 
aµd lithophile elements, as described by Goldschmidt (1937). 
Table VI.· Sensitivities of the Trace Elements.* 


























*After ~rens, Spectrochemical analysis, 1950. 




The siderophile elements are characterized by an affinity for 
metallic iron. They are preferably enriched in the nickel-iron core 
(siderosphere). Their affinity ·for oxygen and sulphur is relatively weak. 
Nickel. (Ni0 :-rl.24 -cl2)·· and 
.( Ni~+ - rO. 69 - c6 - e220 - S: Mg2+ rO. 66, Fe2+ rO. 74). * 
Nickel is pronouncedly a siderophile element, but in the ionized state 
and in the prese~ce:.0£ sulphur and arsenic, it shows a chalcophile tendency. 
Nickel reaches its ~reatest enrichment in magmatic sulphides. But the 
norm~ igneous _rocks of the main stage of magmatic crystallization are 
regularly cobalt and nickel bearing also. Nickel is more strongly 
enriched in ultrabasic rocks, while in granites its value is given as only 
2. 4 g/ton (Rankama & Sahama, 1950, p. 682). 
Part of the nickel content of igneous. rocks originates irom small 
quantities of common sulphide minerals, such as pentlandite, pyrrhotite 
and pyrite. However, the bulk of nickel is incorporated in silicate 
*A standard geochemical de sc_ript.ion will "follo·w each element. Data of 
above are after Green ( 1959). First the element and its ionic charge 
is given (Ni2+), followed by the ionic radius expressed in Angstrom 
units (rO. 69), co-ordination (c6), electronegativity expressed in 
kilocalories/ gram-atom (e220), finally substitution possibilities are 
listed with the ionic radius of the substituted element (S: Mg2 + rO. 66, 
Fe2+ rO. 74). 
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minerals and is concealed in their structures. This shows the oxyphile 
character 0£ nickel in the upper lithosphere. (The terms oxyphile and 
sulphophile were introduced by Rankam~ and Sahama ( 1950, pp. 95--96) 
in their geochemical classification. It is based on the quantitatively 
most important manner of occurrence of the elements in the lithosphere. 
Oxyphile· refers to elements. occurring predominantly comb~ned with 
oxyge~ in oxides, silicates, c_arbonates, etc. The crystal structure of 
these minerals is cha~acterized by ionic bonds. The s~lphophile elements 
occur preferentially in m1nerals free of oxygen, mostly in sulphides, 
selenides, tellurides, native elements,. etc. Covalent or metallic bonds 
prevail ih the crystal structures of these minerals). 
In the silicate mineral structures nickel may substitute for 
2+ 2+ Mg and Fe and may bec<;>me enriched in the early crystallized mag-
nesian and ferromagnesian m"inerals. Olivine and hypersthene are the 
main nickel-bearing minerals of igneous rocks. Lower nickel content 
occurs in augite, amphibole and biotite. Olivine may contaih up to 
O. 5% nickel, amphibole and biotite .only O. 2%. 
In granites nickel is alm.ost quantitatively contained in biotite. 
The feldspars are devoid of this metal. 
Each of the analyzed granites contained. nickel in trace amounts. 
Yet, according to Ahrens (1950a, p. 21_8) in granite-like rocks nickel 
is present in such low concentrations that it is below the limit of its 
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detection, -0. 0002%. The persistence of nickel in the granites of South-
eastern Missouri is a peculiar feature. 
Cobalt. (Co0 - rl" 26 - c12); (Co2+ -rO~ 72 - c6 - e200 - S: 
F~2+ rO. 74~ Mg2+ rO. 66, _and (Co 3+ - rO. 63 - c6 - e260). 
Cobalt is similar to nickel ip. behavior.· It is firs~ of all siderophile, 
characterized by roetall~c bonds. But as a bivalent ·cation it exhibits 
sulpho-arsenophile charac~er· with semi-metallic bonds, and when tri-
valent, its oxyphile property is predominant with ionic bonds. 
Cobalt is a~much less abundant element than nickel and occurs 
. usually in small concent~ations.· The major part of cobalt in a magma 
is removed in th~ early stages of crystallization and therefore _basic and 
ultrabasic rocks are more enriched in it than the silicic rocks. The 
Co : Ni ratio, however, is the greatest 1.n the granites. The concentra-
. t 
tion of cobalt_in granites is given as 8 g/fun (Rankama & Sahania, 1950, 
p. 682). 
Besides being present in srnal~ concentrations in the .common 
sulphide minerals, cobalt replaces diadochically_Fe2+ and Mg~+ in mineral 
structures. Cobalt is more likely· to substitute for ferrous iron, since 
its ionic radius is c~oser to· that than to that of magn~sium. According 
to Mason (i 952) the Co : Fe ratio is greatest in. the ·ea;rly formed IX?,in-
erals ~d gradually decreases with increasing fractionation. The Co :_ Mg 
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ratio on the other hand was found to be practically constant throughout 
a rock series. It is because the effective radius -of cobalt is somewhat 
less than the one given above, and apparently is almost identical with · 
th~t of magnesium~ The early £armed magnesian and ferromagnesian 
minerals, especially olivine., are therefore the main seats of cobalt in 
igneous rocks. 
Twenty-eight samples of the analyzed rocks had cobalt in trace 
amounts. All of the samples of the Fredericktown, Silvermine and 
Graniteville type_s showed this relationship._ 
The Doerun type granites ~xhibited a wider range of variation in 
their cobalt content. No cobalt was detected in sample No. 58 of Ste. 
Genevieve County, No. 60 from the Higdon ·area, No. 68 from St. Joe ls 
new Mine LaMotte shaft and No. 70 from ·the · Coldwater _quadrangle. All 
these samples are located in the e~stern and southern marginal phases 
of the igneous area. 
Slight .traces of cobalt were detected in the following ·noerun type . . 
granites: Nos~ 59 and 71 from Ste. Genevieve County, No •. 62 from the 
Higdon area, Nos. 36, 45, 64 and 67 from St. F·rancoi~ County, and 
finally Nos. 66 and (19 from the far western part of the area. The rest 
of .0e Do~run sam.ples had cobalt in trace. 
Samples of the Klondike granite also displayed a variance in 
cobalt content. Sam.pies ·Nos. 29, 30 and 37 contained it in slig~t trace, 
the rest of them in trace. 
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The relatively lesser amol;lllt of cobalt in the Doerun and Klondike 
granites is probably due to the lower amount of ma:fic minerals in them. 
These would be the main carriers of this element. 
Tin. (Sn° - rl. 59 - cl2); (Sn2+ - rO. 93 - c6) and (Sn4+ - rO. 71 -
c6 - e235). 
Tin behaves rather irregularly in nature. The ionic radius of Sn4+ is so 
small that despite the nature of its outer electron shell it is less polar-
izable and forms stable compounds with oxyge·n {Sn02 , cassiterite). The 
Sn4 + is therefore oxyphile. The Sn2+, however, according to its larger 
ionic radius is sulphophile and crystallizes hydrothermally with the 
c~alcophile elements. Despite this fact, tin is usually classified as a 
siderophile element. 
Amorig the igneous rocks tin is most typically found in granites. 
Its value varies between 56 and 80 g/ton. Tin is more characteristically 
associated with the very acidic alkali granites. In these it may reach a 
concentration of O. 01 %. 
In silicate rocks tin is .found in cassiterite and may also replace 
a number of elements in silicate structures. It tends to concentrate in 
mic~s. Tourmaline, plagioclase and fluorite of ·pneUinatolytic origin may 
also carry tin. 
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Nine granite samples fro:r:n Southeastern Missouri contained tin in 
trace amounts. One of these was from Sheahan quarry, near Granite-
ville. The rest of the samples of the Graniteville granite, however, con-
tained tin only in slight traces. Since pegmatitic mineralization of the 
granite is well known at Sheahan quarry, the greater amount of tin at 
this locality seems readily explained. 
Four samples of Doerun granite from the main outcrop area of 
this rock type south o! Doe Run also contained tin in trace (Nos. 36, 41, 
44 and 45). Four samples of Klondike granite east of this area exhibited 
a similar phenomenon (Nos. 37, 38, 29 and 40). 
In two samples tin could not be detected: No. 14, a Frederick-
town granite and No. 15, a Silvermine granite. The rest of the granite 
samples contained tin in slight traces. 
Chalcophile elements 
The chalcophile elements are characterized by an a#inity for 
sulphur. They are enriched in the sulphide-oxic;le shell ( chalco sphere). 
Copper. (Cu0 - rl. 28 - cl2}; (Cu1+ - rO. 96 - c6 - el 77) and 
(Guz+ - rO. 72 - c6 - e235 - S: Mg2+ rO. 66, Fe2+ rO. 74). 
Geochemically copper has a mainly chalcophile character, with a slight 
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siderophil~ tendency. It is the most abundant chalcophile element in the 
earth I s crust. Its distribution in igneous rocks is very characteristic 
and conforms well with its chalcophile property. The averag.e copper 
content (Szadeczky, 1955, p. 261) for different types of ~gneous rocks is: 
Basic igneous rocks... • • • • • • . • • • • • • • 150 g/ ton 
Intermediary igneous rocks • • • • • • • • • 40 g/ ton 
Acidic igneous rocks •. • •••••••••. • • . • 15 g/ ton 
According to these data not much copper is expected to occur in 
the granites. However, coppe~ is present in traces in all the analyzed 
samples. The actual amount of the element is not known since quantita-
tive determinations have not been made. According to Ahrens (1950b, 
p. 143) in an average granite the copper content would.be around O. 005%. 
The consistency of copper on. the other hand does not necessarily mean 
. that the element is present in considerable amounts. Its spectrochemical 
sensitivity is very high (detection limit O. ooqlo/o and sometimes less) 
and because copper is such a widespread element its detection in the 
granites is not so surprising. 
Chalcopyrite is the.mineral which is abundant enough to be 
responsib~e for most of the copper present in the rocks~ but it may also 
be possible that in some instances copper enters the structures of rock 
., 2 
forming silicates, replacing Mg2+ and Fe +. Alkali feldspars may also 
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conceal it. Consequently copper. seems to be sulphophile but its character 
is not very pronounced. 
O l+ 
Silver. (Ag - rl. 44 - cl2}j (Ag - rl. 31 - c8 - el 75} and 
. 2+ 
(Ag - rO. 89 - c6). 
Silver, like copper, -is a chalcophile element with a much weaker tendency· 
to siderophile than the other metal. Silver is much less abundant in the 
eartht s crust than copper. According to its chalcophile character silver 
· avoids the p~e- and m·ain phases of crystallization. 
The distribution of silver in igneous rocks is variable. but never 
more ~an 10 ·g/ton • . The value in granites is between O. 9 and 7. 7 g/ton 
(Ranka:rna & Sa.p.ama, 1950, p. 705). 
ln the analyses of the granites of Southeastern _Missouri silver 
proved to be rather scarce. ln the Klondike and Silvermine granites it. 
was not detected at all. · The metal has a high spectrochemical sensitiv- · 
ity (limit of detection: O. 0001-0. 00003%), but because of its extremely . 
low content in common silicate rocks, _ it can usually not be d.etected. 
Also, according to Ahrens {l 950a) in· the presenc;:e of' much Fe,. Co and 
Ni the most sensitive lines of silver are unusually weak. The mentioned 
elements are relatively abundant in the granites. 
S_aznple No. 1 from Sheahan quarry contains the greatest ~ount 
of silver, here indicated as trace. The rest of the Graniteville granites 
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did not contain any measurable quantity of this metal. The presence of · 
silver in the quarry may be explained by the k11:own min~ralization in the 
area. 
Two sa:m.ples from the northern part of Stono Mountain in St. 
Francois Courity (Nos. 48 and 49) contained silver in slight traces. One 
of these _is a Fr·edericktown granite, the other fs-- Doerun. These samples 
are located in the northwestern part of the area. · 
In the eastern part of the sanipled area three samples contained 
silver in slight t-races: No. 6, a Fredericktown gran~t_e, No. 64, from 
Knobl~ck Mountain,· and No. 62, -a Doerun type granite from the Higdon 
area.· 
Silver is mostly contained in sulphides. It is not know;n to occur 
in the structures of rock making silicates_. Its sulphophile character is 
therefore stronger than that of copper. 
Zinc. (Zn° - Jt:l. 36·- cl2 - -e208); (zn2+ - rO. 74 - c6 - S: Fe2+ rO. 74, 
2+ · 2+ . · 
;tv!n rO. 80, Mg rO. 66).-
Zinc is predominantly chalcophile. In the upp~~ lithosphere it is classi-
fied among th~ oxyphile elements. 
A few year~ ago zinc was considered much more abundant than it 
ac~ally is. Rank.am.a and Sahama ( 1950) e stim~ted its. average content 
in igneous rocks as 132 g/ton. .A-cco;rding to later s~dies of Vinogradov 
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and Wedepohl (Szadeczky, 1955, p. 266) it was found to be only 50 g/ton. 
Zinc is generally more abundant in intermediary and basic igneous rocks, 
while in granites its value is only 34 g/ton •. 
Among the common rock making minerals biotite shows the highest 
content of zinc, but hornblende and pyroxene can also carry it. In these 
minerals zinc usually takes the place of Fe2+, Mn2+ and Mg2+ in the 
structure, since its ionic radius approximates· the radii of those ions. 
Furthermore, the~mochemical studies indicate that zinc c_annot normally 
be incorporated in feldspars. Sphalerite, the most common and most 
important of the sulphide minerals of zinc, i~ rather rare a.Inong the 
accessory sulphides of ordinary igneous rocks, and it is not known to 
what ~xtent zi?c is able to enter the structures of pyrite and chalcopyrite 
under conditions of formation o·f these minerals in nature. 
Traces of zinc were .found in samples Nos. 48 and 49 from north 
of Stono Mountain. These are the same samples which contain slight 
traces of silver. Bu~ sample No. 1 frQm Sheahan quarry, ~hich 
seemed to contain the most silver of all the sam.ples did not contain any 
zinc. In this respect all sam.ples of the Granite.ville granite behaved 
similarly. 
T~e following Doerun granites contained slight traces of zinc: 
Nos. 36, 44 and 47 from the main outcrop area. The rest of these gran-
ites did not have· zinc. Slight traces of this element were found in most 
of the Klondike an~ Silvermine granites with the exception of sample 
Nos. 39 and 24, respectively, which lacked in zinc. All the Frederick-
town granites and the granite porphyry dispiayed slight traces of zinc. 
Most of the samples from the eastern margin of the igneous area, that 
is from Ste. Genevieve County and from the Higdon area, lacked in 
zinc content._ The same applies to the Sa.In.pies from Viburnum and the 
Pea Ridge shaft. These include Nos. 58, 63, 66 and 69. The Coldwater 
granite from the south had slight traces of zinc. 
Lead. (Pb0 - rl. 74 - cl2 - e245), (Pb2+ - rl. 24 - c8 - el 70), 
4+ 
(Pb - rO. 84 - c6). 
According to the Niggli-Sonder rule lead is one _of the more abundant 
elements. It is considered to be chalcophile, though with a strong 
siderophile tendency. In the .upper lithosphere lead shows a pronounced 
affinity for oxygen and hence classified as oxyphile. 
In the magmatic silicate phases it mostly occurs with calcium in 
apatite and diopside and with potash in feldspars. Accor~ing to its 
· occurrence in potash feldspars, lead is more strongly enriched in acidic 
igneous rocks (9-30 g/ton) than in basic ones (5 g/ton), (Szadeczky, 




Lead is present in each of the granite sam.ples in trace ox: slight 
trace aniounts. Traces of lead were detected in the Graniteville, Klon-
dike and Doerun granites from the main out_<;rop area. The Coldwater 
granite also contained more lead. In the Fredericktown and Silvermine 
granites lead was relatively less, with the ·exception of samples Nos. 6, 
49, 21, ~d 22, respe_~tively~ The sam.ples from Ste. Genevieve County, 
the Higdon area and from the western part (Viburnum, Pea Ridge) con-
tained it in slight traces. 
Of interest is a comparison of the lead and silver content of the 
granites and that of the ore deposits of the Lead Belt here. It is known 
that in ore deposits related to intrusive rocks most of the silver content 
crystallizes in galena. Lead and silver therefore are generally closely 
associated with each other •. It has been observed that· lead was present 
"-
in considerable traces in all of the analyzed samples. Silver on the · 
other hand was relatively rare, or absent •. The sam.e thing· applies to 
the ore deposits of South_eastern M~ssouri. Very little or no:: silver is 
associated with the rich lead deposits. ·- In this respect the granites 
b~have similarly to· the lead ore deposits found near them in post-granite· 
sediments. 
Lithophile· elements 
The lithophile elements are characterize~ by a strong affinity for 
.~-.... -
oxygen. They are enric~ed in the silicate c·rust (lithosphere). 
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Vanadium. (v3+ - rO. 74 .- c6 - e235 - S: Fe3+ rO. 64), 
4+ 3+ · 3+ {V - rO. 63 - c6 - e280 - S: Fe_ rO. 64, Al r0.51, 
Ti4+ rO. 68), 
5+ 3+ 3+ 
(V - rO. 56 - c4 - e315 - S: Fe rO. 64, Al rO. 51, 
p 5+ rO. 33). 
The general geochemical character of vanadium is pronouncedly lithophile 
with a relatively distinct side~ophile t~ndency. It is one of the more 
abund~nt trace elemen:ts. 
Goldschtnidt gives its concentration in average igneous rocks as 
130 g/ton (Rankama & Sahama, 1950, p. 594); ';['he highest vanadium 
content is found in those igneous rocks which formed during the initial 
steps of the main stage of crystallization. Leutwein gave its value in 
granites and granodiorites as varying between 1 and 20 g/ton (Rankama 
& Sahaina, 1950, p. 596). It· can be detected in rocks down to about 
0.001-0.0005%. 
Vanadium occurs in three stable oxidation states in igneous 
surroundings, na:m.ely as tri-, quadri-, and quinquevalent V. Because 
of this reason many possibilities of diadochic substitution of various 
~lements by vanadiuni in mineral structures exist. 
The vanadium content of igneous rocks is largely found in magne-
. . 
. d ·1m . h- . 1 - F 3+ d T. 4 + tite an 1 en1te, w ere 1t rep aces e an 1 • It also occurs in 
. r--··-. 
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titaniferous magnetite, sphene, rutile and in apatite, in the latter v5+ 
1 . p5+ rep acing • 
The dark constituents, like pyroxenes; ainphiboles and micas, 
4+ 5+ 
may all contain small amounts of vanadium, here V and V ions replac-
. 3+ 3+ 3+ 3+ 1ng Fe and Al . The diadochic replacement of Fe by the V ion is 
not very probable, as the latter is a strong reducing agent and would 
reduce ferric iron to the ferrous state. The feldsp~rs show a lack of 
- vanadium content. Partly this is the reason why there is more vanadium 
in basic rocks than in acidic ones. 
All the samples of the Graniteville granites contained only slight 
traces of vanadium. The Doerun and Klondike types showed a variation 
in their vanadium content. Nos. 29, 30 and 31 of the Klondike granite 
had a slight trace of this element, while Nos. 37? 38, 39, and 40 con-
tained it in traces. The distribution of tin was similar to the vanadium in 
the Klondike granites. The first three samples are located on the southern 
part of the Klondike granite outcrop area, the other four are from the 
north. 
Samples Nos. 36, 41, 44, and 45 from the main outcrop area 
of the Doerun granite contain vanadium in traces, saniples Nos. 47 and 
48 in slight traces. Sample No. 18 contained it in trace, as well as 
sample Nos. 59 and 71 from Ste. Genevieve County, No. 58 from_ Viburnum, 
and No. 63 from. the Pea Ridge shaft. 
All the Fredericktown granites except sample No. 14 contained 
vanadium in trace. All Silvermine granite samples had it in trace, as 
well as the porphyry. 
Saniple N9s. 60 and 62 from the Higdon area contained vanadium 




(Zr0 - rl. 60 - cl2 - e200), (Zr - rO .. 79 - c6). 
Zirconium is strongly lithophile, in the upper lithosp~ere it is oxyphile. 
It is a rather common trace element of igneous rocks, but· shows a ten-
dency to become more enrich_ed in the last rocks to crystallize during 
the main stage of crystallization, namely in granites. flere its valu~ 
may be as high as ·460 g/ton (_Rankama & Saha.ma, 1955, p. 566). 
The main carrier of· zirconium in igneous rocks is the mineral 
zircon. In some granites and their pegmatites another zirconium 
mineral, baddeleyite (Zr0
2
) may be the source of zirconiUin content, 
but this mineral is relative~y rare. Generally· very little zirconium is 
incorpo.rated in the femic constituents of igneous rocks.· 
.·. . . . . 
All the analyzed. samples contained traces of zirconiutn. 
B.arium and Strontium.. 
2+ . . l+ . 
. (Ba - rl. 43 - clO - ~: K rl. 42), 
(Srz+ - rl. 16 - c8 - S: Ca2+ rl. 03). 
The alkaline-earth metals barium and strontium are strongly lithophile, 
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in the upper lithosphere they are oxyphile. · _Both are axnong the most 
abundant trace elements of igneous rocks. 
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The highest c~ntent of barium and strontium is found in such 
alkalic rocks as syenites and :nepheline-syenites. The basic igneous 
rocks are poorest in these metals. The ainounts of strontium and barium 
in the Rapakivi granites of eastern Fennoscandia is given by Saharna 
(1950) as 100 and 900 g/ton, respectively. 
Both strontium and barium only exceptionally form independent 
minerals in igneous rocks. They are mainly concealed in the rock 
making silicates. Although the two metals chemically _resemble each 
other, their ma~ner of occurrence shows considerable difference. 
Strontium usually ~eplaces calcium and sometimes potassium in the min-
eral structure. Barium on the other hand ·usually substitutes £or potas-
sium. Therefore strontium .is preserit both_in the plagioclases and in the 
potash-feldspars, ·but significant am.ounts of badum are found only in 
the potash-feldspars. Ba~ium may replace potassium diado~hically in 
the mica structure, but because o_f -the low calcium content strontium is 
· less readily associated with these minerals. Strontium may substitute 
for calcium in the apatite ~tructure also. 
All the analyzed samples showed traces of both metals. 
Both ·barium and strontium are-relatively easily detected, since 
they have a high spectral sensitivity. The limit of detection is about 




0 . 3+ 
(Cr - rl. 28 - cl2), (Cr - rO. 63 - c6_ - e250 - S: 
3+ 3+ 
Fe rO. 64, Al rO. 51). 
Chromium. is considered to be a lithophile element, but it may also 
behave ~s a -siderophile one when 0-valent, and as chalcbphile when 
0-3-valent. It is a rather scarce el~ment in the upp.er litho_s_phere. 
The concentrati_on of chromium in different type.s of igneous rocks 
varies greatly. According to Szadeczky (1955, p. 374) it is? 
Ultrabasic ·rocks ••..•.•..•....••• 3400 g/ton 
Gabbro {diabase) •••••••• 340 -410 (220) g / ton 
Granite 2-7 g/ton 
In granite rocks the concentration may be so low that despite the 
very high sensitivity of the element (detection limit O. 0001%), it may not 
be detectable. 
In the ultrabasic rocks chromite is the main carrier 0£ chromium. 
In £act, this is the fir st mineral to separate during the norm.al crystalliza-
tion of calc-alkalic magmas. The chro:inium members_of_the spinel 
· group will also carry it. None of these minerals, however, is a normal 
constituent of acidic rocks. 
Ge~chemically more significant. _is the chromi_um which is present 
only in traces in the structures of rock forming silicates. It may replace 
ferr_:ip iron _and alUininum diadochically, and less commonly also ferrous 
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iron and :magnesium. Consequen~y, chro:mium more readily enters into 
the structures of ferromagnesian minerals, especially olivines (Forsterite 
rich}, augites and hornblendes, but Bray {19"42) reports a high trace 
amount of this metal in the biotites and muscovites of the granites he 
studied. 
All but three of the analy~ed granite samples from Southeastern 
Missouri were deficient in chromium. Those which contained it in slight 
trace were Nos. 64, 65, artd 66 from differing localities in the area. 
Elements not detected 
The following elements could not be detected in the granite sa.tn-
ples: Bi, Cd, Sb, As, Au, W, Ta, Ge, Be, Cs, Li, P, and B. Most of 
these elements are very ·difficult to detect in common silicate rocks. The 
reason for this is partly due to their very low concentration in such 
rocks and also their poor sensitivity. The latter includes such elements 
as Bi, Cd, Sb, As, Au, and Ta. By concentration of the samples, such 
. as dissolving the silica by HF acid, they could po_ssibly be detected. 
This procedure, however, was not used in this study. 
Tungsten is usually not detectable in rocks ·because its concentration 
is below the limit of detection. Phosphorus and boron were· also no~ 
detected in the granites. The most sensitive lin~s of these elements were 
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masked by iron lines, therefore _they could not be positively established. 
J 
The surest and most sensitive spectral lines of lithium are located out-
side the range used in this work,- at 67~7. s·and 6103. 6 A. Consequently, 
in order to ascertain i-t 1 s presence in the granites, separate analyses 
should be run in a higher wave length -range. 
Comparison of the Trace Element Content of the Granites 0£ South-
eastern Missouri with Granites of Other Areas 
According to Ahrens (l 950b, p. 143) the following minor elements 
can usually be. detected spectrochemically in granites: Be, Zr, La, Y, 
Nd, Ba, Sr, Rb, Cs, Li, Ga, Pb, Ni, Co, Cr, V, Sc, Cu, Ge, Tl, Cb, 
Ag, Sn, B, and F. Of these twenty-five elements, eleven were found in 
the Precambrian granites of Southeastern Missouri. Be, Cs, Li, Ge, and 
B were not detected in any of the samples •. ·The rest of the elements were 
not determined. Only zinc, which Ahrens does not mention as a typical 
constituent of granitic rocks, was found in some samples •. 
Reference }:las alrea~y been given to the investigations of Bray 
(1942) and Shimer· (1943) on the granites of Colorado and New England, 
respective~y. The trace element content 0£ the Missouri granitic rocks 
is generally not much different from these districts. A striking difference, 
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however, is the consistency of C?pper in the Missouri rocks. As already 
mentioned, copper occurred in all the samples, while the Colorado 
granites contained no trace of it. In the New England granites only a 
few samples contained copper. Since careful precautions were taken dur-
ing ·the preparation of the samples and the analytical procedure, it is 
highly ~probable that the copper content is due to contamination. 
Shimer does not mention Co, Ni, Sn, Ag, Zn, and Pb in the New 
England granite analyses. A separate analysis of the granite micas 
revealed the presence of Co, Ni, and Zn, but only in the biotites. The 
muscovites were devoid of these elements. He did not report Sn, Ag, 
and Pb from these rocks, but did note that Ga, La, Sc, and Y were 
pre sent. The areal variation in the Ba, Sr, and Mg _content was insignif-
icant. Zirconium showed slight variations according · to the zircon con-
tent of the rocks. He found .a close correlation between amounts of V 
and Cr. This is not true of the Missouri rocks. While V was quite per-
sistent "in these rocks, Cr was absent in all but ~ree samples. Shimer 
also found that the higher the biotite · content was in the g_ranites, the 
. more abundant the minor elements. This is generally true of the Missouri 
rocks also. 
T~e Colorado rocks contained Co and Ni, but o~y those oldest 
in the Precam.brian series. Ag and Zn we!e noted in very small traces 
in but a few samples. Lead was more abundant in the younger Precambrian 
.,,.~-·· 
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rocks. Bray concludes from this that the lead content is not due to radio-
active disintegration, since in this case it would be more abundant in the 
older rocks. Ba and Sr were noted in spectrochemically large quantities, 
but as all the rocks were acid, no striking differences in the Ba and Sr 
content were observed. Zirconium was found in variable amounts, as a 
£unction of the amount of zircon pre sent. The distribution of V and Cr 
was similar, as in the case 0£ the New England granites. Th.ey both sub-
. stitute for ferric iron; t~erefore were found. in largest amounts in those 
samples where ferric iron was abundant. The Colorado rocks also con-
tained Sc, Y, La, Ce, and Nd. 
Summarizing the differences, the Missouri rocks differ from the 
two other areas in their abundance in copp.er; 1n the relatively frequent 
occurrence of tin; in the rareness of chromium and the lack of correla-
. tion between chromium and vanadium; in the much higher abundance of 
zinc; and in abundance in lead accompanied with very little silver. 
Table VII illustrates the comparison of the trace element content between 
the three different areas. 
Summary on Spectrographic Analysis 
Mo st of the minor elements occur i11 each rock type. To set up 
·, 
a scheme on the basis of the presence or absence of such elements alone 






























Ta"Jle VII. Co~,-.pa::-iso,1 of Trace Eleme:·.r.s 
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minor elements present, combin~d with the one just mentioned, will more 
clearly bring out the characteristics of the different rock types. 
The elements which show variation from rock type to rock type 
and therefore are useful in such consideration are the following: M ·g, V, 
Co, Zn, Sn, and Pb. 
Although magnesium was noted in the graphite electrodes, its 
relative quantity in the granites probably exceeded that of the amount 0£ 
impurity. The select~on of magnesium as an index trace element there-
£~re is quite justified. 
The Fredericktown granite and the porphyry are characterized 
by a larger amount of Mg (L), more V and Co (T), and relatively less 
) 
Zn, Sn, and Pb (ST). · In respect to these six elements the Silvermine 
granite behaves almost identically. Though silver was detected in slight 
traces in some of the Fredericktown granites, the Silvermine granite 
was completely devoid of it. 
Mg is not a good index element for the D~erun granite; its 
amount varies between "Trace" and ,iLow".. V and Co in the Doerun 
granite, as in the Fredericktown and Silvermine, is contained mostly in -
traces. Zn cannot always be detected and Sn seems to be present in 
higher quantities (T). The Doerun granite has high amounts of Pb (T). 
The Graniteville granite, which actually belongs to the Doerun 
mineralogical type, contains Mg in trace, V_ in slight trace, Co in trace, 
is devoid of Zn, has less Sn, and is abundant in Pb (T). 
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The different granites, indicated as 11Doerun-like11 , which are also 
closely related petrologically to the typical Doerun granites of the main 
outcrop area, contain traces of Mg, slight traces of V and Sn, and differ 
from the Graniteville granite in their much lower amount or even absence 
0£ Co, the occurrence of Zn in a few of the samples, and in their much 
smaller amount of Pb (ST). 
For the granites from Viburnum and Pea Ridge (also Doerun type) 
Mg, V, and Co are no~ good-index elements. They do not contain Zn, 
and their Sn and Pb content is small (ST). 
The Klondike granite has Mg (L), V, Co, and Sn in varying 
amounts (T-ST), less Zn (ST), and much Pb (T). 
The following Table VIII shows the distribution of th_e index ele-
ments in the granite types. 
Table VIII. Index Trace Elements in the Southeastern · 
Missouri Granite Types 
Ro ck. . Mg v Co (Ag) Zn Sn 
Fredericktown L T(ST)* T 0-ST ST(T) ST(O) 
Doerun L-T T(~T) T(ST) O(ST) ST-0 T-ST 
Graniteville T ST T O(T} 0 ST(T) 
Doerun-like T ST 0--ST O(ST) 0-ST ST 
Viburnum., Pea R. T(L) ST-T ST(T,O) 0 0 ST 
Klondike L T-ST T-ST 0 ST T-ST 









*Letters in parentheses mean·that only one sample contained the element 
in the indicated amount. 
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SUMMARY AND CONCLUSIONS 
Forty-four petrographic, 2 7 petrochemical, and 44 spectrographic 
analyses of. Precambrian granitic rocks from Southeastern Missouri 
warrant the following conclusions: 
1. · The granites exhibit a close genetic relationship as demon-
strated by petroch~mical studies using the Niggli method. The original 
granite magma was acidic, salic, relatively alkali rich and lime poor. 
The Doerun, Graniteville and Klondike granites are in the aplitgranitic, 
the Fredericktown granites and granite porphyries in the aplitgranitic 
and engadinitgranitic, the _Knoblick granite in the granodioritic, and 
the Silvermine granite in the yosemititgranitic magma type. All the 
rocks belong to the calc-alkalic petrographic province. 
2. Based on the Johannsen classification, the rocks can be 
classified petrographically as leuc_ogranites, granites, alaskites, 
kalialaskites, sodaclasegranites and adamellites. They are the product 
0£ essentially two phases of magmatic intrusion and magmatic 
differentiation. 
3. Qualitative spectrographic analyses revealed the presence 
of the following minor elements: Mg, Sr, Ba, Ti, Zr, V, Cr, Mn, Co, 
Ni, Cu, Ag, Zn, Sn, and Pb. . Basea. on the presence or absence of 
these, and the relative amounts of minor elements present, a scheme 
was set up to bring o:ut ~e characteri_stic ·s of the different roe~ types. 
Mg, V, Co, Zn, Sn, and Pb were selected as index trace elements. 
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The Fredericktown granite, the granite porphyries, the Knob-
lick granite and the Silvermine granite are characterized by a larger 
amount 0£ Mg, V, and Co. They contain less, or lack in Zn, Sn, and 
Pb. The Doerun, Graniteville and Klondike granites are also relatively 
high in V and Co. Zinc is not always present in these latter ones, but 
· they have more Sn and Pb than the other granite types. The greater 
abundance of tin and lead in the Doerun granites correlates well with 
world examples 0£ these elements associated with the more acidic 
rocks within a magma provinc~. 
Compared with granites from Colorado and New England, the 
Missouri granites are characterized by a consistency 0£ copper, a 
relatively frequent occurrence 0£ tin, lead and zin~, and a rareness of 
Cr and Ag. 
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APPENDIX A 
Key to the Location of the Collected Samples 
No. Field No. Location Rock Type 
1 1153-3-1 SW 1/4 SW 1/4 sec. 11, T34N, R3E Graniteville granite 
2 1153-5-2 NW 1/4 SW 1/4 sec. 21, T34N, _R6E Fredericktown granite 
3 1153-5-3 NW 1/4 SW 1/4 sec. 21, ·T34N, R6E Fredericktown granite 
4 1153:_5_4 SW 1/4 SW 1/4 sec. 21, T34N, R6E Fredericktown granite 
5 1153-5-5 SW 1/4 SW 1/4 sec. 21, T34N, R6E Fredericktown granite 
6 1153-6.:.3 NW 1/4 NE 1/4 sec. 21, T34N, R6E Fredericktown granite 
7 1153-6-5 SW 1/4 SE. 1/4 sec. 28, T34N, R6E Fredericktown granite 
8 1153-7-1 NE 1/4 SW 1/4 sec. 26, T34N, R.6E Fredericktown granite 
9 1153-7~2 N 1/2 NE 1/4 sec. . 2, T33N, R6E Fredericktown granite 
10 1153-7-3 NW 1/4 SW 1/4 sec. 3~, T34'.N, R6E Fredericktown granite 
11 1153-7-4 NE 1/4 SW 1/4 sec. 28, T34N, R6E Fredericktown granite 
12 1153-8-1 NW 1/4 SE 1/4. sec.' 29, T34N, R7E Fredericktown granite 
13 l 153-8~2a SE 1/4 S 1/2 sec. 6, T33N, R7E Fredericktown granite 
14 1153-8-2b SE 1/4 S 1/2 sec. 6, T33N, R7E Fredericktown granite 
15 1153-9-1 NE 1/4 SE 1/4 sec. 9, T33N, R6E Silvermine granite 
16 1153-9-2 NE 1/4 SE 1/4 sec. 9, T33N, R6E Silvermine granite 
17 1153-9-3a SE 1/4 S 1/2 sec. 4, T.33N, R6E Doerun granite 
18 1153-9-3b SE 1/4 S 1/2 sec. 4, T33N, R6E Doerun granite 
19 1153-9-4 NE 1/4 Nl/2 sec. 4, T33N, R6E Doerun granite 
20 1153-10-1 NE 1/4 N 1/2. sec. 4, T33N, R6E Doerun granite 
21 1153-10-2 SE 1/4 NW 1/4 sec. 7, T33N, R6E Silvermine granite 
22 1153-10-3 SE 1/4 SE 1/4 sec. 12, T33N, R5E Silvermine granite 
23 1153-11-1 SE 1/4 SW 1/4 sec. 31, T34N, R5E Silvermine granite 
24 1153-11-2 SE 1/4 SW 1/4 sec. 32, T34N, RSE Klondike granite 
25 1153-11-3 SE 1/4 SW 1/4 sec. 32, T34N, RSE Aplite dike 
26 1153-11-4 N 1/2 sec. 3, T33N, RSE Silvermine granite 
?7 1153-11-5 N 1/2 sec. 2, T33N, RSE Rhyolite 
28 1153-11-6 N 1/2 sec. 1, T33N, R5E Doerun granite 
29 1153-12-1 SW 1/4 NW 1/4 sec. 31, T34N, R6E Klondike granite 
30 1153-12-2 SW 1/4 NW 1/4 sec. 30, T34N, R6E Klondike granite 
31 1153-12-3 SW 1/4 SW 1/4 sec. 24, T34N, R5E Klondike granite 
32 1153-12-4 NE 1/4 SW 1/4 sec. 23, T34N, RSE · Klondike granite 
33 1153-12-5 SW 1/4 NE 1/4 sec. 26, T34N, RSE Klondike granite 
34 1153-12-6 NW 1/4 N 1/2 sec. 1, T33N, R5E Doerun granite 
35 1153-13-1 SE 1/4 SE 1/4 sec. 20, T34N, RSE Doerun granite 
36 1153-13-2 SE 1/4 NW 1/4 sec. 16, T34N, RSE Doerun granite 
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No. Field No. Location Rock type 
37 1153-13-3 SE 1/4 SE 1/4 sec. 9, T34N, R5E Klondike granite 
38 1153-13-4 NE 1/4 NE 1/4 sec. 10, T34N, R5E Klondike granite 
39 1153-13-5 sec. 35-36, T35N, R5E Klondike granite 
40 1153-13-6 SW 1/4 NW 1/4 sec. 8, T34N, R6E Klondike granite 
41 1153-14-1 NW 1/4 SE 1/4 -·.sec. 24, T34N, R4E Doerun granite 
42 1153-14-2 NW 1/4 NW 1/4 sec. 14, T34N, R4E Doerun granite 
43 1153-14-3 SE 1/4 SW 1/4 sec. 6, T34N, R5E Doerun granite 
44 115 3-14- 3a SE 1 I 4 SW 1 I 4 sec. 6, T34N, R5E Doerun granite 
45 1153-14-4 NW 1/4 NE 1/4 sec. 29, T35N, R5E Doerun granite 
46 1153-14-5 SW 1/4 SW 1/4 sec. 19, T35N, RSE Doerun granite 
47 1153-15-1 SE 1/4 SE 1/4 sec. 26, T35N, R4E Doerun granite 
48 1153-15-2 S 1/2 sec. 3, T35N, R4E Doerun granite 
49 1153-15-3 S 1/2 sec. 3, T35N, R4E Stono granite 
50 · 1153-15-4 Center of sec. 14, T35N, R3E Buford gr. porph. 
51 1153-15-5 SW 1/4 NE 1/4 sec. 13, T35N, R3E Buford gr. porph. 
-52 1153-16-1 NE 1/4 SW 1/4 sec. 22, T34N, R3E Graniteville granite 
53 115 3 -16-2 a SE 1 I 4 NE 1 I 4 sec. 10, T34N, R3E Granite ville granite 
54 1153-16-2b SE 1/4 NE 1/4 sec. 10, T34N, R3E Graniteville granite 
55 1153-16-3 SE 1/4 NE 1/4 sec. 10, T34N, R3E Graniteville granite 
56 1153-17-1 SW 1/4 SW 1/4 sec. 27, T33N, R3E Carvery Creek gr. porph. 
57 1153-17-2 SE 1/4 SE 1/4 sec. 28, T33N, R3E Carvery Creek gr. porph. 
58 1153-17-3 N 1/2 sec. 16, T35N, R2W Viburnum 
59 1153-18-i NW 1/4 sec. 8, T36N, R7E Ste. Genevieve 
60 1153-18-2 SE corner of sec. 1, T33N, R7E Higdon 
61 1153-18-3 NW 1/4 NW 1/4 . sec. 8, T33N, RBE Higdon 
62 1153-19-1 SW corner of sec. 4, T33N, RBE Higdon 
63 1153-S-l* Pea Ridge Shaft Pegmatite 
64 1153-S-2 sec .. 8, T34N, R6E Knoblick granite 
65 1153-S-3 sec. 7, T36N, R4E Doerun type granite 
66 1153-S-4 Bottom level of shaft #27 
NW 1/4 sec. 15; T35N, R2W Do~run type granite 
67 1153-S-5 From drillhole 
SW 1/4 sec. 16, T36N, R5E Doerun type granite 
68 1153-S-6 From St. Joe's new Mine LaMotte shaft Doerun type granite 
sec. 35, T34N, R7E 
69 1153-S-7 From drillhole sec. 1, T36N, R~W Doerun type granite 
70 1153-S-8 SE 1/4 sec. 13, T30N, R5E Coldwater granite 
71 1153-S-9 J onca Creek, Ste. Genevieve County 
sec. 7, T36N, R7E Ste. Genevieve 
*The samples using an S designation were contributed by Dr. F. G Snyder, 
Chief Geologist of the St. Joseph Lead Company. 
APPENDIX B 
Key to the Location of the Chemical Analyses 
Sample 
No. * Location Granite Type 
27c 41 NW 1/4 SE 1/4 SW 1/4 sec. 22, T34N, R3E Graniteville 
28c 42 East section 1. sec. 31, T33N, R6E Doerun 
30c 44 SW 1/4 SW 1/4 sec. 11, T34N, R3E Graniteville 
3lc 45 S 1/2 NE 1/4 SW 1/4 sec. 36, T35N, R5E Klondike 
32c 46 SE 1/4 SW 1/4 NE 1/4 sec. 36, T35N, R4E Doerun 
33c 47 NW 1/4 SW 1/4 SW 1/4 sec. 11, T34N, R3E Graniteville 
34c 48 SE cor. NE 1/4 SW 1/4 sec. 25, T33N, R7E Doerun 
35c 49 N 1/2 sec. 5, T33N, R6E Doerun 
36c 50 NW 1/4 E 1/2 lot 3 E. sec. 5, T33N, R6E Doerun 
37c 51 NW 1/4 SW 1/4 . sec. 20, T36N, R4E Doerun 
38c 52 SW 1/4 NW 1/4 NW 1/4 sec. 2, T34N, R5E Klondike 
4lc 55 NE 1/4 SW 1/4 sec. 5, T35N, R6E Klondike 
42c 56 NW 1/4 NE 1/4 sec. 24, T30N, R5E Doerun 
43c 57 SW 1/4 SE 1/4 sec. 7, T-36N, R 7E Doerun 
44c 58 W 1/2 lot 1, W .: sec. 6, T33N, R7E Fredericktown 
45c 59 NE I I 4 E 1 / 2 lot 7 E. sec. . 2, T 33:N', R6E Fredericktown 
46c 60 W 1/2 NE 1/4 sec. 31, T34N, R7E Fredericktown 
48c 62 W 1/2 lot 4 E. sec. 2, T33N, R6E Fredericktown 
49c 63 NE cor. sec. 15, T35N, R4E Fredericktown 
5lc 65 NW 1/4 NE 1/4 NE 1/4 sec. 13, T33N, R5E Silvermine 
53c 67 NE 1/4 NW 1/4 SW 1/4 sec. 4, T34N, R6E Knoblick 
54c 68 W 1/2 lot 5 E. sec. 4, T33N, R5E Doerun ( ?) 
56c 69 W 1/2 NE 1/4 SW 1/4 sec. 14, T35N, R3E · Porphyry 
57c 70 NE I/ 4 E 1 / 2 lot 2 E. s~c. 4, T33N, R2E ·Porphyry 
71 Washington County Doerun (?) 
72 Washington County Doerun ( ?) 
73 Washington County Doerun ( ?) 
*MGS (Missouri Geological Survey} Numbers after Hayes (1959). 
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APPENDIX C. 
Chemical Analyses of the Precambrian Granites 
of Southeas"tern Missouri 
27c* 28c 30c 3lc 32c 
Sample No. (41) (42) (44) (45) (46) 
Si02 77. 85% -77. 76% 76. 81% 76. 70% 76. 59% 
Al203 11. 53 11. 70 12.23 . 12. 69 12. 10 
Fe203 • 71 • 68 .52 • 46 • 64 
FeO • 58 .51 • 41 • 43 .51 
MgO • 09 • 10 • 12 . 10 .14 
CaO • 73 . 36 • 98 • 35 .53 
Na20 3. 72 3. 67 3. 85 3.62 3.25 
K20 4. 19 4.32 4.59 4.92 5.38 
H20+ • 26 • 31 • 26 • 40 . 37 
H20- • 08 .06 • 01 .08 • 13 
Ti02 .. 14 .06 . 08 .06 • 11 
·p205 • 03 .oo tr • .oo .02 
MnO • 00 .01 • 00 .02 .02 
Zr02 .01 .02 
F .14 • 14 • 15 • 26 
C02 • 07 
s • 01 
BaO • 01 
Cr203 .oo 
NiO 
Less O for 
For S -. 06 -.07 -. 06 -. 11 
TOTAL 99. 92% 99. 62% 100. 07% 99. 92% 99.94% 
*Numbers in parentheses correspond to those of Hayes (1959). 
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Sample No. 33c 34c 
·35c 36c 3.7c 
(47) (48) (49) (50) (51) 
Si02. 76.44% 76. 09% 76. 00% 75.84% 75.64% 
Alz03 12.48 12.57 12.47 
12.57 11. 42 
Fe203 • 44 .96 1. 59 • 77 1. 16 
-FeO • 45 • 49 • 6i . 77 • 68 
MgO .05 .04 • 23 . 19 • 97 
CaO • 95 .55 .53 .64 • 31 
Na20 3. 67 3.68 4.02 3.48 3. 91 
K20 4.84 4.56 3.-39 4.58 5.07 
H20+ • 13 • 60 .23 • 61 • 34 
:£:IzO- • 05 .07 • 11 .09 • 16 
Ti02 • 07 .17 • 11 .~13 • 26 
Pz05 • 00 • 05 .07 .01 • 05 
MnO • 00 .06 • 00 .03 • 37 
Zr02 .os • 04 
F • 41 • 12 
C02 • 33 
s • 02 
BaO • 01 
Crz03 • 00 
NiO 
Less O for 
For S -. 18 -.05 
TOTAL 99. 83% 99. 97% 99. 69% 99."78% 100. 38% 
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38c 4lc 42c 43c 44c 
(52) (55) (56) (57) (58) 
Si02 75. 50% ·. 74. 27% 73. 53% 72. 70% 72. 55% 
Al203 12.74 12. 12 12.12 1-3. 97 13.09 
Fe2o 3 . · .• 46 . • 76 1. 77 • 81 I. 80 
FeO 1. 12 I. 66 1. 35 1. 38 1. 47 
MgO •. 19 .18 . 10 .58 • 39 
CaO • 63 .98 • 86 i. 09 • 80 
Na2o 3. 43. 3. 82 3.88 3.63 4.18 
K20 4.66 4.24 4.85 4.-74 · 4.51 
H20+ • 68 • 65 • 31 • 42 .51 
H 20- .13 • 17 • 11 • 09 • 11 
Ti02 .14 .59 • 69 • 29 . 40 
P205 ·• 04 .07 .08 .08 .. 06 
MnO • 05 • 46 .09 • 04 .04 
Zr02 .06 
F .13 .07 




Less O for 
For S -.05 -.03· 
TOTAL 99. 85% 100. 00% 99. 80% 99.86% 99. 91% 
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Sample No. 45c 46c 48c 49c 
Slc 
(S9) (60) (62) (63} (65) 
Si02 72.44"/o .72.42% 72.28% 70. 69% 69. 70"/o 
Al203 12. 75 13. 82 13.82 12.64 14.80 
Fe203 2.00 2. 31 1. 81 2. 13 I. 26 
FeO I. 92 .55 1. 50 2~01 1. 80 
MgO .09 .48 ~ 21 • 85 • 76 
CaO 1. 01 .91 • 89 I. 30 I. 75 
Na2o 3. 39 7.85 4.20 4. 04 4.18 
K20 4. 32 .19 4. 37 4. 3~ 3.92 
HO+ 2 • 49 1. 05 .41 .46 • 76 
H 20- • 11 .09 • 16 .13 • 13 
Ti02 • 45 • 64 • 21 .52 •. ':10 
P205 • 15 .12 • 17 .19 .• 14 
MnO • 05 .09 .02 .13 • 07 
Zr02 • 03 .03 






Less O for 
For S -.01 -.05 -.03 
TOTAL 99.22"/o 100. 55% 100. 05% 99. 54% 99. 71"/o 
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Sample No. 
53c 5'4c 56c 57c 
(67) (!?8) (69) . (70) (71) 
Si02 66. 55% 64~·_s<;% 72. 23% 70 •. ~1% 72.7 % 
Al202 15.52 15. 31 13. 21 14.12 13. 0 
Fe203 1. 57 I. 63 • 75 L 26 · 4.7 
FeO 2.88 3. 8?: I. 98 2.19 
Mg 0. 1. 28 C94 • 22 .:30 tr .. 
Cao 3. 04· · 2. 37 • 88 •. 96. •. 7 . 
Na2 0 4.34 4-..-62 3 .. 19 3.84 2.7 
K 2 0 3.18 3. 12 5.55 5. 11 .5. 7 
H20+ • 74 I. 04 • 77 •. 54 · 
H20- ~ 11 .07 • 05 •. 09 
Ti02 • 48 •. 46' • 34 • 41 • 15 
P205 .16 • 29 • 06 .06 •. 02 
MnO .. 08 .12 .06 •. 10 .06 
Zr02 
F .07 • 10 • 08 




Less O for 
For S -.03 -.04 -. 03 
TOTAL 99. 97% .99 •. 70% 99 •. 3~% 99 •. :74% 99.73% 
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Sample No. (72) (73) 
Si02 72.0 % 75.0 % 
AI2o 3 13. 0 1 I. 7 
Fe2o 3 5.0 3. 9 
FeO 
MgO • 1 tr • 
CaO • 6 • 6 
Na20 3. 5 3. 7 
K20 5.4 4.2 
H20+ 
H20-
Ti02 • 20 • 18 
P20s .04 • 09 








Less O for 
For S 
TOTAL 99. 92% 99.44% 
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